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1.0 ' ExECUTrVESuMMARY 

Paradise Creek flows h m  its headwaters on MOSCOW Mountain iri' the Pdouse Range though the 
City of Moscow and across the Washington State h e  to the South Fork of the Palouse River neac 
Pullman, Washington. In 1994, Paradise Creek was identihd as water quality limited from its 
headwaters to the Washington State line for the following poUutants: ammonia, nutrients, 
sediment, habitat modifi&on, pathogens, flow alteratio 

uses hr Paradise Creek The DEQ Beneficial Use 
) was conducted on Paradise Creek in 1994,1995 and 2996. The 

g the Water Body Assessmexrt Guidance W A G )  document 
The analyses indicated that Paradise Creek is not providing full support of 

B 

tradit 

macroinvertebrate population hpiment and &&mi of water 

c~a'water A~ to meet the 
&ty gmdards at the state line. Wasfiington water quality stan&& 

C h  A water to be protected for salmonid spawning, p m  
c uhs along with uses such as water supply, wildlife and aesthetics. 

domestic water supply are not supported for Paradise 

utants in the Paradise Creek watershed are 
development (construction acthiti&. urban runof€ 

,pmitt€d point sources of ' p o Uution inchide 
~ - - a  

Moscow 
University of Idaho's fi of T) aquaculture facility. 
ther discrete soucces are incIuded with the more 

ysis due to a Iwk of data and methodology for ional 
separate ev 

In the winter and P d s e  Creek is typically a&cted by suspended solids from eroding 
agricultural fields during i$h woff .  During the low floks of the late summer phosphorus and 
nitrogen are present in' high &no@ concentrations to stimulate: algai and macrophyte populations. 
The respiration cych of these algal and macrophyte populations may then cause large diurnd and 
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seasonal fluctuations in dissolved oxygen concentrations, leading to depletion of dissolved oxygen 
concentrations during the Iare summer low flow periods. Ntrnient and bacteria levels often exceed 
both Idaho and Washington standards. Due to discharge from the MWWTP, ammonia levels at 
the state border compromise mmy of the beneficial uses of a Washingtqn Class A waterbody. 

Water quality standards for the states of Idaho and Washington are intended to provide protection 
of designated beneficial uses. TMDL targets are based on these water quality standards. 
Numeric water quality standards are used where they exist. Narrative water quality standards 
have been interpreted and applied to Paradise Creek for sediment and nutrients. A numeric totd 
suspended sotids (TSS) tarset was determined based on Idaho Water Quality Standards for 
turbidity and a correlation between turbidity and the TSS measured within Paiadise Creek. A 
numeric total phosphorous target was determined based on Idaho Water Quality Standards for 
excess nutrients and nuisance algae growth. The background pbosphorous concentration 
measured in an area of Paradise Creek absent of algae grow& was selected as the numerical 
target.'These numeric targets are intended to provide p r o t d o n  af designated beneficial uses. 

Load capacities rdect these water qdv targets for Paradise Creek. Load docations presented 
in this TMDL we based an the load capacities dwelopd using these targets. Targets, loading 
andyses, and load allocations are presented for sediment, total phosphorus, temperature (hemal 
modification), bacteria @athogens) and ammonia Loading analyses indicate that the estimated 
load capacities for these pohtants in Paradise C m k  are currently exceeded, and therefore, 
require reductions. Proposed reductions vary by pollutant and source and are summanid in table 

Idaho State Water Quality Standards appry throu&out the Paradise Creek Watershed. Data used 
in calculating Paradise Creek's Ioad capacity were colImed at the Unit& States Geologicd 
S u m y  (L'SGS) flow station and the MWWTP a p p k h a t d y  114 mile upstream of the Idaho- 
Washingran state border. Pollutant docations and reductions are based on the Ioad capacity 
esthated at this point. Compliance with these targets apply within Paradise Creek at the Idaho- 
Washington border. 

An implementarian p h  bill be developed by the Paradise Creek Watershed Advisory Group and 
supporting agencies to specify con~als  designed to improve Paradise Creek water quality by 
meeting the laaddocations contained in this TMDL document. During implementation 
additional water quality infarmation is expected to be generated. In the event that new data 
indicate that the targets used in this analysis are not appropriate, the load capacity'would be 
adjusted accordingly. 3ecaw e a r g e ~  Wiu be r-ed and potentially revised in the ftmue the 
Paradise Creek M L  is corrsidered a phased W E .  
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WQ COTU'CERYS AT A GLAYCE: 

Wutw Quality-Limited? Yes 
Segmeiit Identiper: P r n  f1135 

Wuter Biota 
Kirmn Sarrces: 

2.1 WATERSHED CHA&4CTF, 

General Description 

Paradise Creek @NILS ff 1135) is located in the Palouse River hydrologic basin. The headwaters 
of the creek are located on Moscow Mountah in the Palouse Range, with the creek flo 
southwestdy diredon for approximately 19 miles, throu& the City of Mosmw, Uho, 
ultimarely joining the Sourti Fork of the Palouse &er in Pullman, Washingtoa '. 

The Paradise Creek Watershed is 23,038 acres in size with 13,888 acres located 
other 9,150 acrw are located in Washgton  state (USDA, 1995). The upper podon ofthe 
watershed is s t w l y  doped, With the majonv of the drainage basin consistkg OfmoderateIy seep 
roIlin_e hills. Elevkonsrange from 4,356 feet at Paradise Point in the PalouseRanse, to 2,520 
feet at the IdaheWashington border. The Palouse hills are very susceptible to erosion due to 
their toposphy, soiI texture, and Iand use practices which result in a lack of vegetative coyer 
durinz the pwid' of maximum precipitation (November-Mmh)(USDq 1995). The loww half 
of the watershd in Latah County lies between 2500 and 2700 feet and rises to maximum bei&t in 
the Paiouse Ranee to the east. Very little local relief occurs in the lowland areas; be- at 
2900 feet e!eva&ns rise rapidly and change dramatically once in the PaIouse Rau~e. Slope 
distribution is ourfined in Fgure 1. 

Hydro l o g  

Paradise Creek is a fourth order stream comprised of 55  stream segments. Of the 5 5  strem 
segments, 49 flow throueh I agricultural fields poke and Hashmi; 1994). Paradise Creek is 
-harac,erized a a youthful streav with indistinct drain& charmeis an< little topoprapkc reiief 
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>eween adjacent drainage basins. The small and scattered wetlands within the watershed further 
ckuacterize Paradise Creek as a youthful stream. The morphology of the stream channel is "v" 
shaped as it mns down Moscow Mountain and rectanguIar through much af the lowhnd 
&cultural areas. Where Paradise Creek mns through agrkdtural EeId.s,'the streambank becomes 
k i a v  I #  unstable and susceptible to channel erosion due to the fine loess soiI and present lack of 
vtgetation along its banks. 

Daily flow data is taken at the USGS gaging station located on P 
earn the MWWTP. The Paradise Creek annual run0 
5urin_p the summer and fall seasons and peak flows d 
Precipitation within the Paradise Creek watershed is 

*om less than 1 Cfs (1/3 1/94) to 755 cfs (2/8/96). From June through October, flows are very 
low, averaging 1.35 Cfs during this five-month period; average monthly flows have dropped as 

uadise Creek's sub-basins throughout the year. Above Moscow, 
ttent, &g for several months h m  the spxhg thaw until May or June. 

01s separated by 
thaws, and re-5txze.s several times 

g in intermittent flows during the months ofNo 

Street (US 95) d 
OW occuning for a period of seven 
ately 0.2 d e s  above the 

Harmberg (1995) identify 
m the USGS gaging station. 

early aI1, flow. Kjdstrom, Stone, and menberg 

with the riparian areas dong Paradise 
can be classified as palustrine and riverine in 

in addition to thk 
rated as poor to fair 

iue  to pas; and present management activities p o k e  and Hashmi, 1994). 
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CI im a t e 

Average annual precipitation in the Paradse Creek Watershed is approx@ately 23 inches, with an 
average snowfall of about 48 inches; the uppennost portion of the watershed experiences the 
most prekpitation. Nearly 40 percent of m u d  precipitation f d s  as rain and snow during 
November; December, and January. Much of the whter precipitation is in the form of rain which 
thaws the 5ozen soil surface. This shallow thawing creates rapid runoff corn the area’s 
non-irrigxred cropland since the soii rerniGns frozen below the surface and prevents in&ration. 
July and ,%upst are the driest months and period of _ereatest evaporative moisture loss; 
precipitation, if any, usually occurs ES bMthunderstorms p o k e  and Hashmi, 1994). , 

Mean daily temperztuxs range from a law ofapproxkateiy 28°F Lq January to a high of 66°F in 
July, with an averase m u d  daily t empemre  of about 47°F. The 2v-e January minimum 
temperature is YF, while the awrage July maimurn temperature is 96°F. Summers are typically 
hot and dry, wih daily t empemres  somerimes reaching 100°F; nightly temperatures can drop to 
IOT @oke and Hashmi, 1994). 

Geology 

Paradise Creek Watershed is in the Pdouse €%Us section of the Columbia Plateau Geomorphic . 
Province (John Bush 6/97). Bedrock consists predominantly of Tertiary age CoIumbia River 
Bas& Lake and m m  deposits of clay, silt, sand, and gravel form interbeds between the basalt 
ffows; in zddition, similar sediments o v d e  the b d t s .  These sedhents are referred to as the 
Latah Formation; the uppennost s e d i m e q  Unit overlying the basalts are called the sediments of 
Bed. Cretaceous ase Tdaha Batholith @tic rocks form the Palouse Range omthe extreme 
north and northeas part of the w a t e n h d  in the headwaters area. Intruded by the granitic rocks 
are Precabrian age meta-sediments of ttEe Belt Sup&group ~ 5 c h  are predomhantly qu~ai te ,  
schist, and gneiss. The watershed area is y$ed by r o h g  asymmetrical hills of the Quaternary 
age PaIouse Fomatiqn. Quaternary age d i m  (windblown) and dwid (stream) deposits are . 
found along the s t r m  drainages and on the surface of the lower ms throughout the watershed. 

In addition to the youngcr Palcuse Forma~ion, the Miocene sediments of B o d  are a sauce for 
fine grained transparted materid that is charmeristic of the Paradise Cr& drainage. 
Approximately 15 m i ~ o n  years ago, the Columbia .River Plateau was covered by a group of basdt 
flows betonging to the Priest Rapids Member of the Wanapurn Formation In the Moscow area, 
these flows went over a thick dirnect s q u e n c r  (Vantage Member of the Latah Formation) that 
now sepwazes the Priest &pi& unir from the mher C--ande Ronde flows and sediments of 
-Moscow. Nong its ezsten x,arsj- empizcement of the Priest.Rapids flows created 2 raised base 
level and caused depositioz ofkaokiric day, qusrtz sand. ana minor p v e I  from nearby 
weathereri basement rocks by m e a n s .  f iese  sediments, referred to as the sediments of 3oviU, 
form a westward t h i n g  wedge over m c h  ofMoscow between the overiying loess and 
undertyinz basal: flows, and in places lie i i r e d y  on weathered crystalline rocks. 

81 J 
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Along the basement-basalt contact, sediments of B o d  consist of poorly sorted, congIomeratic, 
micaceous sands interbedded with kaoiinite-rich clays. Over the western end of Moscow these 
sediments are dominated by days with minor interbedded lenses and locally larerally continuous 
units of sands and silts. The sediments of Bod1 (Figure 4) lie beneath approxjmate&y 1 70%of 
Paradise Creek's drainage area in Idaho; the western extent of this unit wiihin the watershed ends 
just past the Washington State line where basdt is exposed at or near the surface. h isopach map 
(Pierce, 1996) of sand-gravel to clay ratios within these sediments indicate that approximatdy 70 
percent of that portion of the lithologic unit that lies beneath the Paradise Creek channel is 
comprised entirely of clays, another 23 percent contains greater than 70 percent clay-sized 
sediment, and the remaining 7 percent contains greater than 30 percent coarser materid along the 
eastern contact with older granitic rocks. Sediments ofBovill as wed as granitic basenent rocks 
in the Idaho portion ofthe Paradise Creak watershed are bianketed in places by. the euliar: siIts 
(Ioess) of the Palouse Farmation. Alluvium associated with t;ie Paradise Creek drainage is 
commonly reworked loess or mixtures of Ioess, basalt and grmit'oid ka_ments. Most stream 
deposits grade laterally into loess (windblown silt) of the Palouse Formatian and contain slope 
wash deposits derived from the loess covered Ms. 

Paradise Creek is characterized as a y o u W  to early mature stream. Sam erosion and . 
deposition processes associated with Paradise Creek, in Idaho, have not adjusted to the disruption 
caused by basalt emplacement and associated deposition of sediments. Loess deposition durin3 
the Pleistocene further slowed that adjustment. Deposition of sediments upon near horizontal 
basalt flows that lapped up against the granific uplands it.r the Paradise Creek watershed led t'o 
creation of a stream channel with a very gentle gradient EO.S%) w i t h  most of the Idaho side 
of the watershed that steepens (7% avg. gradient) rapidly above e l d o n  of 2700 feet w i t h  
b upper portion of the watershed {see Figure 1). Paradise Creek's channel stekpens moderately 
from the Washington state he to the geek mouth. 

Paradise Creek's relative age, geologic setting and h e  grained sediment suggest thit the chamel 
is prone to meander within a larger flood plain. A continuously meandering creek located $thin 
such a system indicates a naturally high background level of h e  pined sedknkt input to thz 
chnnnd system. This results in a highly sensitive cold water biota habitat. 

Soils and So2 Erosion Potentia1 

General sail type distribution is shown in Figure 5 .  The primary soils types existing in the Latah 
County portion of the Paradise Creek Watershed are poke and Hashmi, 1994): 

I 

. .  

* Palouse-Naff- very deep, weE drained, gently sloping to moderately steep slopes, 
sails fomed in. ioess. 

* Southwick-Larkin - very deep, rnoderateiy well drained to we!l drained, gently 
sloping to moderately steep slopes, soas formed in Ioess. 
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Tan&-ioef - very deep, mderately well drained to well draineigelitly sloping to 
moderately steep slopes, soils formed in loess. I .* 

'I ?, ' 
I .  : .  - -  

Vassar-Uvi - deep to very deep, well drained sods formed in volcanic ash. loess 
and granitic residuum. 

Soil erosion is a major concern in the Paradise Cr 

within Paradise Creek r;vertz, 1995). Cold water fi 

non-Indian settlement likely occumd 

beg& & 1877. The coming of the railroad boost 

The,Wniversity of Idaho, agriculture, retail mid 

Most of the watershed is privately owned. Land ownershir is mixed geographically and not 
necessarily contiguous. Forest land o w e d i p  includes tracts owned by the State of 

.. 
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Idaho, Universjq of Idaho, non-industrial private forest land owners, and private industrid forest 
product companim. 

The predominant land use within the watershed is private non-irrigated cropland. Typical crops 
produced in the area include wheat, barley, peas, and lentils. There are a p p r o a t e l y  20 
a g r i c u h a l  operators in the watershed. 

In the Prelirninaq 
land uses were identified as outlined in the following table: 

k h B d h  Creek Iikxdxd (USDA, 199S>, major 

Table 1. Land use distribution withh the Water Qudty  Limited Segment of Pamdise Creek. 

. .  

Land Use 

Non-irrigated Cropland 

Pas tu rehd  

Urbm Land 

Total 

Yo acres 

60.5 8403 

14.2 1978 

8.6 1200 

16.6 2307 

13,%SS 

Land use distribution is illustrated graphically in Figure 7.. 

Agriculture is, by fkr, the largest land use &thin the watershed. These fields are intensively 
finned anci fallow for much of the year. 

At about f 7% of the watershed, designated ubm area, though much smder than agn’cutture, 
rates 85 the second Iarm land use. Urban afeas contahs a relatively large and dense population 
of pmpk, cars and’pets, and much impervious ground. Channehtion of Paradise Creek has 
occurred in the wbm as well as agricultural panions of the watershed and has been placed 
underground for a b u t  a quarter d e  downstream of Line Street. Although these two historical. 
impacts may be unfeaible to reverse, t h y  have contributed to the problems that currently exist 
w i t h  the watershd, 

Forested land comprises approximately 14% aftbe land within the Idaho portion ofthe 
watershed. Much of this area has Seen subject io timber harves:, but at present, &ere is ittie 
timber harvesting or related road building in the Paradise Creek watershed. 
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2.2 WATER QUALITY CONCERNS AND STATUS 

Paradise Creek is listed for the following poUutants of concern on the 1996 §303(d) list for the 
state of Idaho: nutrients, sediment, temperature, flow alteration, habitat: modification pathogens, 
and ammonia, Cold water biotq secondary contact recreation, and agriculmrd water supply art 
the designated beneficial uses that require support. 

Surface Water Beneficial Use Classifications 

Surface water beneScid use classscations are intended to protect the various uses ofthe state’s 
surface water. Idaho waterbodies which have designated beneficial uses are lined i?l Idaho’s 
Water Quality Standards and Wastewater Treatment Requirements (DEW 1996). They are 
comprised of five categories: aquatic life, recreation, water supply, wildlife habitat, and aesthetics. 

Aquatic life classifications are for water, bodies which are suitabie or intended to be made suitable 
for protection and maintenance of viable communities of aquatic organisms and populations of 
simcmt aquatic species. Aquatic species inndude cold water biota, ‘warm water biota, and 
salmonid spawning. 

Recreation classikations are for water bodies which are suitable or intended to be made suitable 
’ for primary contact recreation and secondary contact recreation. Primary contact m e a t i o n  

depicts prdonged and intimate contact by humans where ingestion is fikety to occur. Secondary 
cantact recreation depicts recreational uses where ingestion of raw water is not probable. 

Water suppiy dass5cations are for water bodies which are suitable or intended to be made 
suitable far ac!jculture, domestic, and industrial uses. Wildlife habitat waters are those which are 
suitable or intended to be made suitable for wildlife habitat. Aesthetics ate applied to all waters. 

Designated Beneficial Uses of Paradise Creek 

Currently Paradise Creek beneficid uses are listed as cold water biota, seconrkry contact 
recreation and a ~ ~ ~ ~ r d  water supply (IDAPA 16.01.02). 

Water Quality 6ritcria 

Idaho water quality standards indude criteria necessary to protect designated beneficid uses. The 
standards are divided into three sections: General Surface Water Cri ter iq Surface U-ater Quality 
Criteria for Use Classifications, and Site-Specific Surface Water Quality Criteria (ZDHW, 1996). 

The folIowl;n_a water quality c ~ t c i a  are applicable to pollutants of concern as iiaed an the 1996 
303(d) list and uses designated for Paradise Creek: 

I D M A  16.01.02.200.03 
l3elcterious matcriafs. Surface waters of tht state shall bc free kom deleterious materids cmccnmtiom 

h 

P 

ii 
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standards perrain to those times and Iocacions where Paradise Creek is non-intermittent. The 
State of Idaho dehes an intermittent stream as <‘a stream which has a period of zero @ow for at 
least one week during most years. Where flow records are available, a stream with a 742 
hydrologic-based design flow o f  less than one-tenth (0.1) cfs is conside;ed intermittent. Streams 
with peremid pools which create sigdcant aquatic life uses are not intedttent” (IDAPA 
Z 6.0 1 .O2.003.50). Stream segments of zero flow occur between perennial pools within the upper 
portions of the Paradise Creek watershed. 

Flows within the middle portions of Paradise Creek are typicdty maintained throughout the year. 
However, flows recorded during the Iate summer months can be very low. The m~nth iy  average 
low flow recorded at the USGS Flow station for September for the yew 1986 through 1996 is 
0.17 cfs. (USGS, 1996). State water quality starrdvds perraining to  paint source discharges 
stipulate that i fa  designated mixing zone exisrs in a flowing receiving water “the &g zoni is 
not to include more than twenty five percent (25%) of the volurn‘e of the stream” P A P A  
16.01.02.060.01.e.i~). Recognizing Paradise Creek flow volumes are not large enou& to support 
an adequate mixing zone during the low flow seasons of the year, ThlDL targets and aliocations 
for the Moscaw Wastewater Treamxent P i a t  and the University of Idaho Aquaculture facility are 
applied ta the end of the discharge pipe for the purposes of thk W L .  

Interstate Water Quality Requimments 

Section 901 of the CWA states that in the caze o f  interstate waters where state criteria Mer, the 
standards af the d o m e a m  state must be met at the border. Washington water quality standards 
class@ Paradise Creek as a Class A &erbody (WAC 173-201). Class A waters are to be 
protected for. domestic, indudd, and agricuhd water suppIy, stock watering; primary contact 
recreation; aesthetic enjoyment; wildW habitat; and salmonid and other fish spawning, rearing, 
migration and harvesting. J3e EFA has stated that Pamdise Creek does n ~ t  support domestic 
water supply, salmonid spawning and r&g, and primary contact recreation beiekial uses 
@PA, 1993). 

The State of Idaho has relied on EPA Regon 10 e t o  ensure appropriate coordination of 
interstate water quality wncerns have bm adequately addressed. EPA Region 10 mf€ have 
provided Washington State standards for the Paradise Creek ”MIX, These stdndards are derived 
h m  WAC 173-2OXA-030 md include: 

0 

* 
Dissolved oKygen concentsations must meet or exceed 8.0 mg/l. 
Temperature shall not exceed 18 ‘C. 
Fecal coliform s h d  not exceeds p m e t r i c  mean concentration of 100 fecal caliform/!00 

Turbidity must not exceed 5 NTL’ over backgmund when background turbidity is 50 NT;3 
ml. 

or Iess, or have more :ha a 10 percenr increase if the background turbidity is greater than 
50 ”TU. 

The Washington water quality rurbidiry nmdards are’very simihr to the Idaho’s standards for 
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turbidity. Therefore, the use of Idaho’s water q d t y  turbidity standards as the basis for a 
correlated TSS sediment target is assumed to provide assurances that the sediment target will 
meet Washington State water quality standards Within Paradise Creek Washington standards 
state that turbidity shall not exceed 5 “TU over background when‘background is 50 NTU or less, 
or have more than 10% increase in turbidity when the background turbidity is more than 50 
“ U s .  The EPA considers application of this standard to the point sources and nonpoint sources 
found in Paradise Creek to d o w  5 “ U s  to be added by each source of sediment load. 
Application of a 5 NTUs increase over backbound to each of the five sources identikd (forestry, 

Palouse River (SFPR) and Paradise Creek as 
on dryland farming ground (IDKW-DEQ 198 2). 

ranged 1,000-3,000 m@’!; fecal ’ 

0 wafer q d t y  standards for 
il and Water Conservation District 

Additional reference sites were assessed on Schwartz 
. SctyvrartZ Crkk served as’the primary reference 

tegrity of the macroinvertebrate community 
upstre& o f ~ i b w a y  95. Water quality, 

habitat, and bidogic intesrity were all significantly higher for the reference streams than for 
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Paradise Creek (&be, etal., 1993). 

20 

The U. S. EnvironmentaI Protection Agency (I  993) completed a drafk Paradise Creek Water 
Quality Assessment that recommended a TMDL be developed as part of the pollution controI 
strategy. The strategy recommended the following steps; evduate nutrient removal from the 
MWWTP, evaluate the need for and potential effectiveness of a Nutrient Management Plan, 
evaluate available controls via the Palouse Conservation District effort, evaluate the effectiveness 
of Storm water controls, evaluate the effectiveness of nutrient reductions on dissolved oxygen 
Ievels, and address bacterid contamhation through programs controhg grazing, concentrated 
animal feeding operations, and urban mnoE 

Limno-Tech, Inc, prepared a case study report entitled "Development of a Demonstration TMDL 
for Paradise Creel? ( L i i 0 - T d 4  1993). That TMDL consisted-of four activities: dehhg water 
quality objectives, detteminhg dowable loading and piesent nonpoint loads, defining necessary 
load reductions, and allocath~ loads. The analysis concluded that implementation of agricultural 
BMPs is necessary to achieve the suspended particulate objective and winter nutrient objectives. 
The report also concludes that reductions in the MWWTP nutrient loadings are: necessary to 
achieve the summer nutrient water quality objectives. 

The State sf Washington, Degamnmt of Ecology has developed a TMDL for ammonia for the 
South Pork. ofthe Pzdouse River @lletier 1993). Three Wastewater Treatment P h t s  (WWTPs) 
discharge water into the SFPK including the M"P via Paradise Creek The WWTps have the 
potentid to account for most of the river flow during low flow periods. Nonpoint sources of 
ammonia w m  found to be relatively aute  compared to point sources. Ammonia concentrations 
in excess of chronic d e r i a  were obsemd in Paradise Creek near the sbte he & October 199 1. 

A Paradise Creek Watershed Characterization Study poke and Hashmi, ~ 1994) was prepared for 
the Palouse Camwvzcion District by graduate students at the State of Washington Water 
Research Center (SWWRC), Washington State University. An overview of the watershed 
examined the follawhg-topics: geology, hydrology, soil characteristics, climate, vegetation, 
wildlife, land uselzanin& popukion, and water quality problems. Water sampIes were collected 
monthly &om ninetea sites on Paradise: Creek and its tnlbutaries between October 1992 and 
November 1993. Mdtoring also took place fuuowing seved stom events to measure peak 
loading of pollutants to Paradise Creek. Parameters that were investigated indude: temperature, 
cmductiviv, pH, dissolved oxygen, alhhiy, suspended solids, ammonia, nitrite, nitrate, totaI 
phosphorus, stream flaw, f e d  cabform, and f e d  strep. Agricultural runoff and discharges from 
the Moscow wastewater treaiment ptant were identified as the major pollutant sources. 
Traditional BMPs for constructior: ripaim, and agriculture were recommended to reduce 
sediment and nutrient hading to the creek. 

Idaho DEQ conducted a beneficial use aminability assessment 
to evaluate the appropriateness of the current designated beneficial uses. Water quality monitoring 
was conducted at four watershed locations. The physical and chemical parameters evaluated 
were: water temperature, pH, dissolved oxygen, conductivity, alkalinity, suspended solids, 

1994) in October of 1993 



imgen, phdsphorus;and flow, Biological parameters that were evaluated indud&: fish species, 
habitat q d t y ,  benthic macrohvmebrates, and bacteria Results of the use attainability 
assesrneni indicated secondary contact recreation and agridturd water supply were appropriate 
d&p&kd beneficial uses. Cold water biota was found to be an eXistin~ use and salmonid 
spawnkg was determined to be attainable but noaexktent. The study concluded salmonid 
populations could be supported with imprumti water and habitat quality. 

The State of Washington Water Research Cater ( S c h n W  and Whn, 1996) conducted a water 
qu&y monitoring study f ~ t .  Idaho DEQ h m  August 1994 to N u ~ a b e r  1995, Tbe mmhring 
objective was to w k t  Sufficient water qadi@ data Born sewn samphg stasii3fis TO pbvide 
infunnation %for development o f  a total maximin daily bad for the Xd&p portion of Paradise 

temperature Iead to algd 
and disukd oxygen wirhin Paradise Creek typicdy do not 

onia is tuxic to aquatic organisms and wnmrne~ o w e n  

aad subsequent dissolved 

the low f&>w perid of the year. Exc&e sedimerrt impairs 

lifomx G O W ~ ~ K S ~ ~ Q ~ S  have been measured at seven times the 
o Water Quality Standards for secondary contact rematian during 

the watershed, During this period, DO concentrations often drop well below Idaho and 
Washington standyds. SOD loading from the MMVP results in substandard oxygen levels 
throughout the year' at the Idaho-Wctshingtau barder. Beneficial uses such as cold water biota are 
knpaired by low oxygen concentrations. Diklved oxygen and water ternpama ace both 
parameters of concern because they often M ' t o  meet Wasttington State standards which are 
dcsiFed support salmonids and healthy macr0invembrare populations. 



Suspended soi-ids pose a significant seasonal threat in alI but the forested stretches of the stream, 
often violating narrative water quality standarb and adversely aEeaing many present and 
potential beneficial uses. The high suspended solids concentrations observed during peak runoff 
are of great concern because they rduce water clarity and impair fisheries Ad when deposited, 
sediment degrades fish habitat of Paradise Creek. 

Ammonia concentrations greatly exceed proposed standards at the Idaho-Washington border due 
to discharges from the MWWTP. Ammonia levels at the border are d c i e n t  to compromise 
many of the beneficial uses of a Washington Class A waterbody. 

Beneficial Use Support 

IDAPA 16.0 I .02.053 establishes a procedure to determine whether a water body fully supports 
designated and existing ben&ciaI uses, relying heavily upon aqukc habitat and biological 
parameters, as outlined in the Water B d y  Assessment &r’&ce. IDAPA 16.01.02.054 outlines 
procedures for identifying water quality limited waters which require TMDL devehprnene, 
publishing :lists of Water Quality Limited waterbodis, prioritking waterbodies for TMDL 
ddopmenc and establishes management re~ctions which apply to water quality limited 
waterbodies until TMDLs are developed. 

. 

’ 

The DEQ Beneficid Use Reconnaissance Project @W) was conducted on Paradise Creek in 
1994,1995 and 1996 (we- 1997). The BURP suryey collects data on fish, macroinvertebrates 
and habitat to determine a water body’s ben&ciaI uses and the support status of those,uses for 
Idaho State Water Quality Standards (IDHW-DEQ, 1994,1995,1996). No trout w&e found, so ’ 

salmonid spawning was not considered an e&ing use. 

The BURP data was analyzed Using the Water Body Assessment Guidance (WBAG) document 
(IDHW-DEQ, 1996). Paradise Creek is considered to be not hi full support df beneficid uses 
because of the low macroinvertebrate biotic index (MBr) scores and numerous excdances  of 
water quality criteria. For each year the creek was surveyed, the MBI score indicated the 
macroinvwtebrate population is impaired. B W  monitoring records have dso shown that 
dissolved oxygen, arnmonjk and k d  coliform water quality standards were exceeded in the hist 
five yeews. Whenmajor exceedancts are documentmi, the correspondin3 benecid use is 
considered to be not MI support. 

* 

Available Monitoring Data 

Data used in calculations for the Paradise Creek RVIDL were obtained from those sources 
described below. 

A USGS gaging station is located approximately 0 . 6 ’ d e s  upstream of the Washington State h e  
in Paradise Creek Data is recorded hourly; daily merases and summary water yeas statistics are 
published in “Annual Water Records for Idaho” (WSGS, 1997). 



MOW and o d o w  monitoring conducted by the UniversiQ of Idaho Aquaculture Laborarory 
include: p& d&lved oxygen, temperah% Bow, turhidityy, amm~st, $4 KjdMd & o p ,  

Use R e m n n k c e  Project has provided annual monitoring 

dl be p f o r m s d  to determine the effectiveness of the W L  and 

different portia~ afthe Paradise Creek watershed. To 'a large extent, backquund lweb of 
polIuranc concentrations are based on approximations and less than optimal data sets. 
Background phosphorous concentrations and the phosphorous concentration threshold 
stimukciag exWw aquatic piant growth needs to be con&-med. 

Load capacity and allocations for the temperature targets.were determined usitlg an eight AM 
1 
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temperature collected within the top portion of the water column thee times a week year round. 
Additional temperature monitorins during the implementation portion of this TMDL night 
determine how this morning temperature relates to the daily average and &c4rnum temperature. 
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2.3 POLLUTANT SOURCE INVENTORY. 

Pollutants and Sources 

ne primary nonpoint sourceS in the Paradise Creek watershed at this time are non-irrigated 
mopjads, grazing Iands, !and development and comct ion activities, City of Moscow’s stom 
water system, and road and skid trail construction associated with forest land harvest activities 
~ s D A ,  1995). Agricultural related nonpoint source pollution is caused by tillage practices and 
livestock management. SilviculturaI related nonpoint source pollution is caused by forest road 

dioxide dechtotination. - 

hdphotus as orthophosphate (MWATl?, 1997). S 

he treatment plant. During the months betweeen 

Thc facility sofietimes adds formaldehyde as a hngicide to a concentration of 2-5 ppm 
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(Hutchison, 2997). Formaldehyde has not been used at the stte since July 1994. Future discharges 
of formaldehyde depends on the nature of the research conducted at the fadity. 

When formaldehyde is not in use, land application of the aquaculture effluent can  occur through 
the University of Idaho’s irrigation system. The wastewater is discharged to Paradise Creek when 
land application is not possible. The f&c%ty’s discharge outfall is located a short distance 
downstream of the MWWTP effluent discharge pipe. 

The current NPDES permit recognizes Paradise Creek flows are not lar_ee enough to support a 
mixing zone during much of the year. The following permit limits apply to the end of the 
discharge pipe: d d y  minimurn DO levels must be at least 8.0 mgll; daily maximum.fomaldehyde 
discharge must be no greater than 2.0 mg/l or 3.7 Ibdday; f d  coliform bacteria must be no 
greater than 200 colonies per ml on a week?y average or 100 colonies per mI on a monthly 
average; and the total residud chlorine must be M o w  detectable limits. These perrnit limits 
cumply With both Idaho and Washington water quality standards and are met at the end of the 
discharge pipe. 

Other Potential Point Sourcs 

Several other potential point sources of poIlution have been i d e n a d  in the Paradise Creek 
wat=Sht=d (USDA, 1995). 

s o r d = e  are 6 l&hg undqound petroIeum storage tank in the City of 
Moscow in some stage of  remediation @dwards,1997). The primary impact ofthese tanks are to 
the shallow perched groundwater system that underlies *e Moscow basin and is a primary 
recharge source far the meek and hs tributaries . However, sarnpIes coflected down gradient 
fiom several of these sites have not shown detectable levels of petroleum contamination. I 

I Tnd ge T& 

. 

> .  

otls 
A ten-acre tract of land bounded by Sweet Auenue, €Ldr&d Street, and former’Burhgton 
Northern W o a d  righ;+f-way has been remediated by the University of Idaha and U n o d  
Corporatiorr. ne University of Idaho has pu~sued.  remedial actions for p&oleurn contaminated 
sail at the site. Unocd Corporation has pursued remedial aceions for pesticide, nitrate, and 
ammonia soil cantamhation at the site. Subsequent groundwater monitoring indicates that 
ne@gibIe residual pesticide, nitrate and ammonia groundwate-r contamination remains on the site. 
Contaminated ground water is not detectable Ist down-_mdient monitoring wells or in Paradise 
Creek. Aduitiond investigations are p l a r ~ e d  fc: the summer of 1997 (Grupp, 1997). . .  

Nonpoint Source Pollution 

Nonpoint poiIurion sources in the Paradise Crwk watershed include agiculture, livesock 
forestry, urban runoff, household hazardous‘waste, -conmct ioq septic system failure, mining, 
recreation and wiIdlife. The relative contribution of several af these sources individually to the 
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overall degradation of Paradise Creek is unknown. Agriculture and urban runoff are the NO 
majd sources of nonpoint pollution in the watershed and are better characterized within this 

Agkculture represents the I 
agriculturd practices include sediment, nutrients; organic materials, pesticides, and herbicides. 
The Palouse hills are very susceptible to erosion due to th* lopography, soil texture, and lack of 
vegetative cover during the period of maximum precipitation (November-March). Sediment 
sources evalua$ed which ate affec&d by vegetative cover include agtiwlture, @rest roads, county 

:: 
d use in'the watershed. Pollutants that come from 

to be assessed as a point source €or a 
.,x 

ala inclged in the operation varies but is not large 
e. A d h e  water drainage ~ t e m  d t s "  hich 

the nasaue area The drainme has been enhan Jto 

ance of 'the U n i d Q  of Idaho's Departhnt of AnknaI and 
Idaho Animd W k e  Management Guidelines for Conhed 

,c@€qcts'on water q d t y  from animals within the drainage have 

ershed outside of the city will use a septic system 
on, there is no accurate way to 

e influencing water quality within 
j j  

ctly dischaqing into Paradise Creek 
1993). Of these 125 pipes, 77 are street stom 

four are from ba&mpts, backyarb, and play fields and 
wme may be old septic drain field 
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outlets. 

Mines: 
There is no. evidence to suggest that historical &g activities currently cqntribute to water 
quality problems in Paradise Creek. There is sume p v e i  pit w g  active today where basalt is 
exposed within the Washington podon of the watershed. Crushed basalt is used in Latah and 
Whitman counties as a road cover. 
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2.4 . POLLrnON CONTROL EFFORTS 

Paradise Creek was enrolled in the Idaho Adopt-A-StreamProgr& in-1690 CpCEI, 1990). The 
Palouse-Clearwater Environmental Institute manages the project and organizes activities such ~ts 

trash removal, re-vegetation in the riparian zone, and the development of a pedmriarubiqde path 
dong the creek. A survey of pipes which discharge to or end i0 Paradise Creek has been 
completed by PCEL Each pipe was photographed and its location recorded (Thornbrough, 1993). 

The City of Moscow Wa& Water Tr 
process to eliminate c ~ o &  CT 

t a k d  a de-chiohation 

water quality in Paradise 
rwention'proias. Phase 

District Site. 

to treat Storm m o f f  a the Sweet 

Yxg 
? *  

wa~wshed manag ;ement 
preparing the plan, the Distr ic t ' iddd and evaIuated various 
strategies to determine the most feasible afternative. Present 

tid achieve water quality improvements in a reasonable time ' 

d ta serve as the basis for satisfying many ofthe TMDL process 

restoration and maintenance of he chemical, 
s waters (Public Law 92-500 Federal Water 

). Each state is required to adopt water quahy 
shellfish, and wildlife wMe providing For recreation in and on 

Secrion 93 
which are water quality limited (i.e..waterbodies which do not m e t  water quality standards). 

hes requirements for states to identify and prioritize waterbodies 
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States must publish a priority list of impaired waters every two years. For waters identified on this 
list, states must develop Total Maximum Daily Loads (TMDLs) set ac a lwei to achieve water 
quality standards, W L s  are d&ed in 40 CFR Pa t  I30 as the sum of the individual Waste 
Load Mocations W A )  for point sources and Load Allocations (LA) for nonpoint sources, 
including a margin of s a f q  and natural background conditions. In essence, TMDLs are water 
quality management plans which docate responsibility for pohtion reduction with a goal of 
achieving water q u d q  standards w i t h  a speded period of time. 

ReasonabIe Assurance Of Nonpoint Soume Reductions 

The US Environmental Protection Agency @PA) r e q u k  that TMDLs that have a combination 
of point sources and nonpoint sources, and have W e  load docations that are dependent OR 
nonpoint source controls, provide reasonable assurance that the nonpoint source controls WiII be 
implemented and effective in achieving the load docahon @PA i991). If reasonable assurance 
that nonpoint source re&dons d be achieved is not provided, the entire pollutant load will be 
assigned to point sources. Ixl the case of Paradise Creek flow volurncs are not large enough to  
support a mixing zone during most of the year. The lack of a mixing zone requires a l l  waste load 
allocations be based on the discharge flow and are applied to the end of the point source discharge 
pipe. Waste load ahcations are not dependent on nonpoint source reductions to meet instream 
water quality standards because water' quality sbndards will be met for the discharge prim to 
mixing with Parack Creek Because this TMDL does not have waste load allocations that are 
dependent on nonpoint source controls, reasonable assurance is not applicable. 

Nonpoinr source reductions listed in the Paradise Creek TLMDL wiU be achieved through the 
combination of authorities the state possesses Within the Idaho Nonpoint Source Mmagem&t 
Program and the commitments the commun;tY has made previously in the existing Paradise Creek 
Watershed.Water Quality Management Plan. 

Section 3 19 of the Federal C I m  Water Act requkes each state to submit to EPA a managemert 
plan for contrdhg paflutian &om nonpoint sources to waters of he state. The plan must: 
identify programs to achieve implcmexitatian of the best management practices (BMPs); a 
schedule cantaking annuat destanes for u-tion of the program -implementation methods, and 
for impIementatioG of best management practices; certikation by the attorney.general of the state 
that adequate authorities exist to implement the plan; and a listing of available funding sources for 
these progrms. The current Idaho Nonpoht Source Management Program has been approved 
by EPA as meeting the intent of section 3 19 of the Clean Water Act. 

As described in the Idaho Pionpoint' Source Management Plan, the Idaho Water Quality 
Standards require that if water qudity monitoring indicam water qualrty standards are 'not met 
due to nonpoint Source impacts, even with the use of current best m a q e m e n t  practices, the ' 

practices wiI1 be evaluated and rnodded as messary by the appropriate agencies accordance 
with the provisions of the Administrative Procedure Act. If necessary, injunctive or other judicial 
relief may be initiated against the operator ofa  nonpoint wurce activity in accordance with the . 
Director's authorities provided in Swim 39-208, Idaho Code @XPX 16.01 m.350). 
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The Idaho Watw QuaIity Standards 6st designated agencies responsible €or reviewing and revising 
nonpoint source BMBs based on water quality monitoring data 85 is g-ted through the state's 
water quality monitoring program. Designated agencies are; the Department of Lands for timber 
harvest activities, oil and p s  expIoration and development, andymining activities, the Soit 
~oaswGation Commission for grazing and agricultural activities; thebepartment of 
Transportation for public road construction; the Department of Agriculture for aquaculture; and 
the Division of Envkomental QW for all other 

mnpoint souree<water qualit). 

corm01 OrdinanQe qpd education and information programs to inCr& cornu& awareness of 
tions and the activities to be undertaken to 

reek Watershed Water Quality Management 
commitment for various activities from a number of participants. Partici 
iimited to: Latah County Commissioners, Latah Sod and Water C o n s e d a n  District, City of 
Moscow, Idaho DiGsion of Environmental Quality and the Palouse - Clearwater Environmental 
Institute. These Ietter5 of commitment precede the development of the TMDL as does the 
Watershed PIan,and many of the acrivities listed in the plan or are underway. 
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Paradise Creek is Listed on Idaho's 1996 §303(d) list for s e t a  potlutam: sediment, nutrients, 
thermal modification, flow alteration, Mitat mod&aPhn, parhops ,  md ammania. Poilutant 
targets, pollutant loads, paUutant docations and pollutant Imd capacixy are presented for 
sediment, total phosphorus, :emperature, bacrefia and anmm2a t 5 s  section. 

availabie Bow and dowable pfl~mt wncermahrr based'on the poItutant targets, Load ~apac iq  
is divided among load docadons, load d c a t i o n s  aad a margin of safety. When water 
quality mdnitoring data show that water qudity -dads have-been met md beneficid uses are 
fully supportedp the TMDL is succesdid. Ifthis wee to o c w  before the load rerfuctions were 
reached, the pollutant target, load capacity atrd allocations m d d  need to  be revised. 

Compliance far the listed load d o d o a s  will apply to Parad% Creek 2 ~ t  the IdabWashinpn 
border ;95 a function of available: flow. The Watriagon State and Xdaho State border is 
appropriate for the Paradise Creek TMDL compliance point Since the TMDL is based an meeting 
the receiving water state's mer quaIir). standards and the fluw and water quality data used to 
calculate loads were: a b h d  from the MOSCOW Wastewater T r m e z t  ?!ant and &e USGS 3ow 
station Iacated fieax the border. 

The EPA Region 10 does not current$ require Mitat modZcation and l o w  & d o n  to be 
addressed as TMDL poIlutants since thq do not lend d~emsdves to meeting the minimum 
requrremtnts of a pollutant: bad (miudfime) as d&ed by EPA guidance on W L  development. 
Because of these practical limitations,. habitat modifxation and flow dtwation wiII not be &signed 
a load docation in the P d s e  Creek Row and habitat mdificahns will be addressedthrough 
activities impIememd fqr List& pollutants which are addressed in this TMDL. 

Y 
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3.1 ' 

Target 
1 

.- - 
-/ 

Turbidity levels in excess of 25 Nephelometric Turbidity Units m 3  over prolonged periods 
have been found to increase mortality of aquatic o r _ d s m ~  (DEQ, 1989). The Idaho and 
washington State water quality standards mo@e this and provide numeric limitations for 

fbund that suspended sdmmt lev& in excess of . 

effects on a varieq of aquatic organisms 

ediction Project model CWEpP) (AM, 1997). 
load found in Paradise Creek originating &om 

sedknent loads a-khin each of these land uses 

Total Suspended Solids grab samples and flow rates were collected at the oudow pipe of the 
MWVP thee times a week from September 1993 through Xugusr 1996 @ f W W P ,  1997). 
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During this period, the measured TSS loading to Paradise Creek korn the MWWTP averaged 239 
pounds pet day (Ibdday) or 44 tons annually. This resuits in an average TSS concentration of 11 
mg/t for an average effluent discharge of 2.5 million gallons per day (MGD). Adjusting for the 
permitted d u e n t  discharge limit of 4.0 MGD at 15 m y 1  concenrration, the daily load could reach 
SO0 pounds per day (lbdday). Lfdischarge continued a~ this rate for an entire year the load wodd 
be 91 tons per year (tondyr). 

Figure 8. 
Total Suspended Solids vs. Turbidity 

Washington State Border 
(JOY, 1987) 
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s h g  was conducted by the 
required by their NPDES permit. These data indicate that concentra'tioris of T . S  leaving the 
facility are always beIow 10 mgA. Actual concentrations lower than IO mg/l<ere not measured. 
Assumhg a constant discharge of 140 gdons per minute (gpm) and a 10 mgfl average 
concentration, an upper estimate of the current TSS 104 is 3 tondy. This is 60 percent of the 
facility's current load allocation of 5 ton*. 

a& 
of Idaho Aquacultare Research F d r y  as 

Sediment Allocations 

Table 2 Iists the calculated TSS load allocations. Nonpoint TSS dowable had calculations were 
based on M- bpkground con~entrations and target concentrations. As mentioned,'current 
water quality &&r& fgr turbidity & based on an hcrease oyer natural background levels. The 

s fiom plot d e  modeling foi the Paradise Creek watershed 
und erosion rate is about 18 percent of the current erosion rate 

s 
i 

f total suspended sediment was derived by applying the TSS 
ed background concentrations. Background 

ems loads reduced to 18% of their observed 
d accounts for natural conditions in which 

inaease as flows increase @e. background TSS concentratiom are flow 

S load allocation was determined for the MWWTP. The current docated load 
MGD and a proposed TSS target of 15 

load docaGon and the hi load capacity for Paradise Creek are based 
. Because of the concentration 

requirmmts, whpq the discharge rate decreases, the allocated load d a w s  as wd. Because 
concentration of 15 mg/l, which is less than the target 

on in current TSS is required form this source 

S spec%ed within the Aquacufture €acility NPDES permit. 
concentration of 15 mgA not be exceeded at the end of the 

have been spec&d either (NPDES Permit 03-00271 5-4). 
Therefore, the currwt load allocation is based an the haximum rate allowed by the facility design, 
or 140 g r n .   hi &get cancenttations for this amount,of now translates into an w e  loxi 
docation of 5 tondyr. Monitoring results show that TSS concentrations have not exceeded 10 
mgA, indicating that no reductions in TSS by the hcilit], is required. 

Subtracting the wasteload docathns &om the loading capacity gives 260 tonv'yr as the average 
annual TSS load allowable from nonpoint source activities, including the margin or" safety (MOS). 
Achieving the non-point source docation Will require about a 75% reduction in current load. . 
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Table 2. Total Suspended Solids iUIocation 

Source of Load Amount 
(TCnsivr)  

MWWI'P Wasteload Mocation' 91 
SITE Wasteload Atlocation' . .5 

Margin ofsafety @fOS>' 1Q4 
Nonpoint Load Mocation &A)3 I56 ; 

oad C ~ r t v  356 
' Based on maximum c o n c e n ~ o n  of I5 mgA for the permitted 4.0 MGD. 
'Based w maxim= commmh~ of 15 mgl for an estimated 140 ppm. 
' 3 4  on backpmd lwets md allowed cmcen~tions above background 
'Reflects 10 percent of c~rrenf nonpint l d  

Margin 'of Safety 

36 I 

The margin of safety for point source sediment docations are based on the conservatke,use of 15 
rng4 of TSS. This is below the inmm water quality target and wiIl not impair cold wa&r biota 
(Newcornbe and Jmsm, 1996). Therefore no explicit margin of safety has been included in the 
load aIIocatiam for poirxt sources. The margin of s a f q  for nonpoint source sed&ent allocations 
is 1.0% afthe current l o d  or 29% of the load capacity. The margin of safety .ivas based on 
current faad to compensate for uncmtahies inherent in the background sedhent calculations.. . 

x 

#- 
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3.2 

Target 

TEMPERATURE 

..- 

Low stream temperatures need to be maintained during all m n s  of the year in order to support 
aquatic biota and t o  limit algae growth. The Paradise creek &stream temperature target is 18 "C 
maximum instantaneous. The target is based on current State of Washington Water Qudity 
Standards for Class A waterbodies (WAC 173-201A-030) and is applied at the state line due to 
interstate requirements, as discussed earlier. Load capacity is p-resentd in terns of temperature 
(measurable indication of heat load). <* 2 

Loads 

Nonpipr Source Load 
The current stream temperatunis due to point and non-pint d v i t i e s  in Paradise Creek were 
det&ed through whce  stream temperature measu~ements by the MWWTP. Cum! stmm 
temperatures stemming from nonpoint activitiei were esbated usins the most compreh'ensive 
temperature data set available. This data was COlIected upmtzun of the MwwTe cmsisten~y at 

n 
s I -  2, * 4  e >  

<+ r r  
<*> 2 

S e x c e e d ~ o f t h e a ~ ~ d m P d m u m t e m ~ ~ e t  
The crit id period of the year for stream temperature exceedacts is during times 
high air temperatures, t yp idy  late summer. Three different methods were used 

nent stream temperature during these times, d thee rrtilized the 8:OO AM 
s collected by the m. me 

percentile for summer data (June - September), the most frequent m u d  maxhm, and the 2 
methob were an t i e  upper 95th 

'od peak temperature. Al! three of th- methods converged on a stream 
This temperature, 21 "C, peaks the current 8:OO AM stream 

hg regime u p a m  Of the M W W P .  A 2°C margin of safety was added to this 
in the m y  maximum temperature (Appendix B). 

ged into Paradise C r e k  year r o d .  The Summertime 
determined by taking the average of temperatures 

recorded at 8:OO AM, &e times a week during the rnorrths of June - September for the period 
of record. E h e n t  temperatures were found to average 19°C h h p  the summer months. 

ture F& * I  

Waste water from the University of Idaho Aquaculture R2search Fadity is dsa discharged into 
Paradise Creek. The inflow temperature to the hciiiry is genedy low (Le. 13.1"C nux) and the 
change in temperature due to the brief circulation throu_eh the ponds is +i- 0.5"C. This 
temperature is weU below the temperature targets for Pandise Creek 



Paradise Creek TMDL; iL23197 38 

Tern pecitu re AUo catio ns 

To meer the water quality target stream temperature within Paradise Creek mug nor exceed 13°C 
at any time. Point source temperature loading to a stream may incr&e the stream remperature 
near the oudd, then decrease as energy is dissipated to cooler ambient air or by e g  with 
coder stream temperatures. However, such B deciease in temperature of eauent discharged to 
the stream can only occur when the ambient air or stream 'temperamre is less dun the efluent 
ternperarure. Therefore, in order to meet the target established at the state line, the tempera- 
of watw discharged to the stream must be at or below 18°C unless the ambient air temperature or 
the stream tempemure is less than 18°C. 

Paradise Creek temperatures were assessed and docations were developed for n o q i n t  and 
point sources by using a steady state, conservation of mass, and Conservation of energy approach. 
The madmnatical relationships used in this approach are presented in AppendkB. h this 
method, a characteristic seep inflow tempmture is compared with ambient and taqet 
tempmmres. 

The proportiunal m c e s  between the seep and target temperature and the seep and ambient 
temperaxlure provide a percent Merenct h energy content and which is related to temperature 
target exceehces. An estimated 42% percent reduction in energy input is required by non-point 
a & i k  in ord& to meet the tempmatwe target (Appendix B). The intermittent n-e of 
Paradise Cr& at low flows requires this reduction take place in perennial portions of the streaea. 

The tempemure for the stream segment downstream of the MWWTP is primady a function of 
the outEIow volume and temperature, and the flow and temperature of Paradise Creek 
The allowable rate of discharge for the MWWTP for a variety of Paradise Creek flows and 
tempermxes are presented in Appendix B. when the stream temperature in Paradise Creek is at 
18°C or above, the assimilative capacity of the creek is reached and the d€Iuent temperature m~zst 
be no greater than 18°C at the end of the discharge pipe. , - 

The allcx#tion of J8OC applies to the Un;verSity of Idaho Aquacuiture Research Fadity as w e t  
me f a w s  outi~od was evaluated for its hdcid inauence on h e  s m a m ' t m p m e  of 
Paradise Crtek. Two factors were found to limit outnow benefits: the outflow is'deIivered to 
Paradise Creek at st fairly IOW rate   ma^ = 0.6 d)> and land application of the oudbw occurs 
during tbe Iow flow S ~ B S Q ~ .  Because of these &ora little or no cooling currently m r s  w i t h  
Paradise Creek as a result ofthe facility's outflow.. * 

M q i n  of Safety 

" 9  

The uncmain relationship between the 8:OO AM temperature and the maximum tenperamre was 
taken imo account by adding 2°C to the current stream temperature based an 8100 +X!M 
maurements. By adjusting the current temperature condition upward s e a t e r  rducions in 
thermal input art cded for, providing assurance the target will be meet wen if the merence 
benveen morning and maximum temperature is an underestimate. 
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A 10% MOS was also applied to the h"P effluent temperature for the currerrt loading 
assessment. The ainount of outflow from the MWWTP, however, was calculated based on 
conservative assumptions relating to conditions within Paradise C r e k  and do not require an 
additional MOS. 

. -  
J 

*: 
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3.3 "TREHTS 

I .  .+- Background . . I  )!, 

Nuisance algae growth and its effects on dissolved oxygen is c o r n p k  and ddcult  to model. The 
rate of algae growth is Limited by the availability of light, temperature and nutrients. If4 
constituents are available in excessive quantities, dense mits of algae will grow. Flow effects 
algae growth in a more indirect manner, low flows cause decreases in stream depth, velocity and 
reductions in water column volume vs. surface area. These changes may increase reaction rates, 

(which include Paradise Creek) because nutrient loading exceeded the 

a rmIt, this form of phosphorus tends to be rare 
ckq1y has eXc&ve amounts of TP and . 
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hccordinS to Geene, MUM and Ebbert (19961, chlorophyll a in the South Fork Palouse system 
which includes Paradise Creek was not si@cmdy correlated with any of the parameters 
measured in their study; this indicated that nutrient loading h this part of the PaIouse Ever Basin 
exceeded the nutrient requirements of aquatic plants. Neither phosphorus n6r nitrogen were 
limiting due to high concentrations of both. The authors further safe “most of the inorganic 
nitrogen contributed by treament pImts- was rhoved the South Fork system before the 
confluence of the South Fork Palouse River with the Pdouse Rver, however, odophosphate 
concentrations remained high u n ~  much farther d o ~ t r m ” .  Inorganic nitrogen appears to be 
used up rapidly by a combination of denitritication and uptake by macrophytes. Both niaogen 

identified in this report 
Paradise Creek. Natur 

d m  to excessive concentrations of both pollutants in the Paradise Creek-South Fork Pduuse 
system, 2) natural remod of nitrogen occurs insbeam at a much higher rate 
removal, and 3) phosphorus removal. &om emuat is less complex and costly 
rdoval, it is Iogicd to reduce phosphorus Ioadhg from the Moscow WWTP as an 

quality criteria states that “Surface waters must 
nuqients that cause visibfe slime go* or nuisance aquatic gawk which imp 
use;.’’ It is assumed that beneficial uses are impaired due to nutrients only when 

mk a&w. Nutrient Io& would be a concern at other times of year gnly 
ties of nutrients were stored in bottom sediments during the dormant &so( 

became awdabIe during the growhg season. This usually occurs incases wh 
concentration gradient between nuttients in the bo&m mud (higher) and overlying water oowa) 
and is an order of .magnitude more likely under anaerobic conditions (Krenkel and Novotny, 
1980), There k no evidence this situation exists in Paradise Creek 

~ 

Athou&’at’&enc there is no data to prove it; a lo@caI assumption is made that nuuiwts are 
not a year roud  problem Paradise Creek. Based on the very 5ne grained nature’oftht s&ent 
load (see p f &  sedon) knd hydrblogy of Paradise Creek, it is reasonable to a h m e  U most 
of bottom sediments a& flushed durhgwintkdspring high flows prior to the subsequmi &wing 
season and renewed accumulation of sediment. Therefore, it is assumed that there is an annu4 
exchange of sediment and associated phosphorus; but no long term storage occurs. Even .if this 
were not the case, there is no evidence that high concentration pdients  or anaerobic conditions 
exist in Paradise Creek which could result in recychg of nutrients fiom sediment to overlyins 
water. Further support for no net storage of sediment or attached phosphorus is provided by, the 
Iack of observed aggradation of the-Paradise Creek channel. 
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Total Phsophorus Target 

Natural background is the target proposed by EPA Region 10 for t o t d  phosphorus in Pdradise 
Creek. Based on data cokcted by the Washington Water Research Center (Schnabel and Wilson, 
1996) at the Idler’s Rest Nature Conservancy monitoring site, natural background total 
phosphorus levels average approximately 0.136 IT@. Observations at this upper waIershed site 
indicate that even at these relatively ekvatted phosphorusheis, nuisance algae problems do not 
exist. This is thought to be due to the presence ofgood canopy cover and Iower stream 
temperaturs at this site. Dissolved oxygen concenh-ations are always greater than Idaho and 
Washington standards when flow is measurable at the Idler’s Rest site. Using Idler’s Rest Kame 
Conservancy site as an example, it is expected that algal growth may be minimized and desired 
dissolved oxygen levels obtained in the remainder of Paradise Creek tkough a cambiaation o f  
increased shading, reduction in temperature and decreased phosphorus loading to concentrations 
that wilI not support nuisance dgd growth (Kkbdl ,  1997). A 

Additional data wilI be coUr;cted during the implementation of xhjs TMDL to more acumtdy 
characterize background p h ~ ~ p h o m ~  levels and to char*dde& the TP level which m q  Idaho’s 
narrative crheria. For the purpo? of this 
background for total phosphorus in Paradise Creek This h e r b  target is subject to change as 
more data is made available, The target will ody appIy during normal growing seasun months 
(May -0ct) because the target is designed to address nuisance dgal growth which is limited 
during the remaindm of the year by othw factors such as temp-ature, fi& and water velot%y. 

A review of existing literature and documents prepwed over the past 25 y w s  by agencies k 
Washington and Idaho OR phosphorus h the Spokane Riverhng Lake system redred in a 
recommen&on of May 15 to October 15 as the initial period for hitins discharge of 
phosphoms to Paradise Creek fiom the Moscow Wastewater Treatment P h t  (Machis,  1997). 
By applying aminimum productivity value (0.3 g.C m-’ day“) to the 1985 algae produdviiry in 
Long Lake ( fig. 10, Soltero e t d ,  1986) the algae growing s e w n  was defined as May 15 though 
October 15. As m&y differences as similarities can be ident3ed between the SpokanelLang Lake 
system and the Idaha portion of Paradise C r e e  SO further study to determine site s j e d i c  dgd 
characteristics should be performed and corresponding adjustments to the growing y n -  
discharge &ad implmented as more site specific information becomes avdable. 

0,136 mg/z will be considered d 

I 

Loads 

Moscow Wastewater Trement P l a u  . 
Data was availab!e Ecrr: the Moscow Wmavater Treatment Plant m) showiag resdts of 
daily sampling fa: :otai phosptoms at the MwWTP outfall. Based on three years of recem dab 
(9/1/93 to 813 1/96), teal phosphorus values at the outfa!! during the AM~Y 15 to October 15 
gxowmg s e w n  are: 

Daily Average TP Concentration 
1993-96 D d y  Average Load 

7.16 m g l  
118 Ibs = 21.5 tondyear 
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D d y  Phosphorus Loading Capacity, 
based on 0.136 mg/l TP target 2.2 Ebs 

43 

- 
The above figures are based on 1.98 MGII avetage discharge for the rime'Grid examined; actual 
loads and loading capacity will change based m d d y  discharge variarions. 

MGD), these loads become: 

Daily Phosphorus Loa 

(1997). The data set i;o;nsists of'i"l Samples 

2.2 Ibs = 0.4 toIISCyear 

; a& loads and loading 

MWWT? outfd. Because most nonpoint phosphorus 10-g is directly reIated to sediment 
loading, any reductions in sediment loading are expected to groauce a similar r-ion in 
phosphorus loads. No additional efforts 
necessary since required sediment load reductions are _ere. ier than TP reducdons. 

sptxifkdIy address nonpoim TP are e e c t e d  to be 



lrkbama 
Urban total phosphorus loading calculated using the EP-X "simple method" is 1758 Wyr or 
approximately 24% of the total annual nonpoht source loading for the Idaho side of the Paradise 
Creek Watershed (see Appendix C). The bulk of the remainder of the nonpointaource 
phosphorus loading is assumed to be due to agric~lturaI and forest activities Iinked directly to 
sediment ionding from these sources. 

Total Phosphorus Allocations 

Total phosphom toad capacity during the growhg season is 5.6 lbdday on average. This is 
allocated as presented in Table 3. Combined wastehad allocations we 4.7 Ibdday based OR 
proposed discharge limits. The MWWTP docation is 4.5 lbdday and the aquaculture facility 
docation is 0.2 Ibdday. The MWATP phosphorus docation is based on a maximum 4.0 MGD 
discharge voIume, the actual dowable load is discharge volume dependent and a permit will have 
to be written accordingly (e.g. cmcentfation h i t  as wtiI as maximum mass pefday). The TP 
nonpoint source load alIocation is Jso variable dependins on flow, but averages 0.9 lbdday based 
on the data sets examined. 

Table 3. Total Phosphorus Allocation 

Source of Load Amom . 
flbsldml 

M M W P  Wasteload Allocation' 4.5 
SM'E Wasteload AUacationZ 0.2 
Nonpoint Load Macation (LA)3 0.9 
&gin of Safety 15% 

v 

Margin af Safety 

The more recent and conselvative of two data sets was used to set background TP levels; 
ussumhg Idler's Rest Conservancy she data mast dosef-y reflects background conditions. The 
earlier data set (1993) isdicated that background TP lwels may average 0.21 ma; combined data 
gives 0.161 average TP. The O.lj6 mglt TP target (t994-1995 avg. conc.) is 15% more 
conservative than the combined average. 
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Target 

45 

Paradise Creek has pathogens listed 
presence of pathogenic bacteria in a waterbody b y  Kt#,its beneficid uses and present human 
h d t h  hazards. Fecal coliform is a non-pathogenic indicator species whose p r m c e  sums the 
Likelihood that pathogenic bacteria are present. F d  coliform is the type of bacteria hat is 

a pollutant of concern on 'the most recem 3O:Id) Iist; the 

and need to be characterized du 

discharge hGt fur the Moscow Wastmwir 

adhg C a p a d t y  for pathogem is 
m e  reductions are tealized, it is recommended the MWWTP 

h g e  limits are also proposed 

dard and the vohune ofthe 
oation'% based OQ 140 

. .  

in Paradise Creek 

f bacteria concentrations born the SfwuTP m x m  in 

For 9/93 to 9/96 data set m, 1997) calculalions for fecal colifonn jfiom: 

Washington Water Quality Std. 100 CfdlOO ml 
Average Concentration 44 cW1OQml 



Geometric Mean Concentmion 123 CfUllOOml 
Average Flow 2.46 MGD 
Average Load 4.19~10' &day 

Discharge flow h i t  proposed 

Actual loads and loading capacity wiU chanse based on daily discharge variations. Adjusted to 
represent loading relative to the proposed 4.0 MGD permit h i t ,  values are: 

Load capacity 1.51x10'0 cfu/day 
Wasreload allocation (at 4.0 MGD) I .5 1 x 10" Wday 
Daily Load (based on geometric m e a )  J.85~ 10" cfu/day 
% Reduction nacessary L 8% 

Load (based on geometric mean) 1 . l 4 ~ 1 0 ' ~  @day " -  
4.0 MGD 

. .  

A redudon of approximarely 3 . 4 ~  10 ' M d a y  or 18% reduction irX ioad will be necessary to 
meet Was'hgon State st3ndards at the discharge to Paradise Creek 

m e r S i t y  ofI&o detmed no f ed  coNorm presence in discharge water 
f b r n  the aquncultum fhdity. Load capacity and wastdoad ddcatim (7.Mx10' dudday) are 
.based on a discharge li&t of 100 did100 d and 140 gpm design flow. No reductions in load are 

* *  

requhd. 

T,aa- Creek 
Instream bacteria data (9/93 to 9/96) COlIected by the MWWTP (1996) at a point in Paradise 
Creek above the plant outfalI was d a l  to h a t e  bacteria nonpoht source Ioadig from the 
City of Moscow and the UnivetSity of Idaho. F d  coliform vdues are: 

Washington watei Qualiv Std. 

AWW Flaw 8.2 cfs 

100 Cfu(200 ml 
Average Concemation -326 &ZOO mi 
Geometric Mezm'Concentration 401 &200 ml 

':Average Load 6.22~10'~ didday , 

-Load (based on giametric mean) * 8.IxiO'' cfudday 
Loading Capadv 2 . 0 2 ~  10" cfudday 
Load Adlocation 2.g2x1010 cfudday 

Actual loads and loading capacity GJ c h ~ g t  based on dhyf low variations. A reduction of 
approximateiy 6.08~ IO'* fiddzy or 75% rduction in load Wiu be necessary to meet Washington 
Water Quality sraxldards in Paradise Creek hove the MWWTP outfd.  
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F e d  Coliform Allocations 

Fecal coliform total wasteload do 011s Bfe 1.5gX IO'' CfUdday based on propased discharge 
limits. The MWWTP allocation is 1.5 1 x 10" cfuslday. Aquaculture fa'ciliry docation is 7:6& 10' 
cWday. The fecal colifotm nonpoht source loadrdwation is variable depending on flow, but 
averages 2.02~ 1010 cfidday based on the data sets & 
3.61~10 '~  Cfudday. 
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3.5 AMMOMA 

Targets 

The proposed South Fork Falouse River TMDL for ammonia in Washington State --odd 
establish a chronic standard of 1.8 mgll between November-March and' 1. I mgl  between Apd 
and October (PeUetier, 1993) at the Idaho-Washingon kate line. These tarsets are hased on 4 day 
averages; 1 hour average target concentrations of 13 -0 rngl  aad 9.4 mglI are proposed 
respectively for the same time Deriods mentioned above. Converted, the targets are 1.9 ng'l 
maximum daily and 0.9 mgfl a;erage nontMy h i t s  for April through October; the targets are 2.9 
mgA daily and 1.5 mgl! rnonthly for November though Marc2 (Collins, XW?). . 

Idaho water quality standards include ammonk criteria that are intended to protect wid water 
biota. Idaho criteria for ammonia is based OR CalCuIations thax &e into account warer 
temperature and pH, ammonia criteria are listed in tables EI and N of IDMA 16.01.02. 
WasXljngton state anponia Miteria that are: being utilized are more &gent than the Idaho 
critetia. . *  

The recommended four-day average target for totd ammonia as N, based on the Sou& Fork 
Palouse TMDL (PeUetier, 19931, is I. 1 mgll from Apd throu& October. During this SWOII, 

when wannest water kperatures ocdur, Idaho standards are less stringent thaa Washington's in 
a pH range of 6.5 to 7.8, at temperatures of 22OC or less. A d e n t  study conducted for the 
Moscow Wastewater treatment plant from 6/92 to 7/95 showed recorded pH values ranged from 
6.9 to 7.6 in Paradise Creek both above and below the MWWTP, with rmrded creek 
temperatures up to 20.6%. A similar cornparkon can be made for the November to March 
season and its recommended ammonia targets based on the same data set; at the t q e r a t u r e s  and 
pH recorded for sampIes collected from faradise Creek during these mob, Washington. State's 
1.8 mg'l amnionia target is more stringent than Idaho's standard. 

Axnrtxonia 
an important cantniutm to eutrophication, Mqchaf the ammonia present in water bodies is 
:generated by bacteria as an end product in the anaerobic decomposition of organic matter (Wetzi, 
,1983). AmPnoni5is regulated because of its toxicity to aquatic organisms. 

is the form of nitrogen most radily taken up by aquatic organisms and may be 

Ammonia dissolves in water to form the m o n i u r n  ion @€I<), and exists in equilibrium as MH, 
and 
small quantities (E?& 1987). As pH and terq~crat&e kcre=, the percentage of total mnonia 
that exisrs as unionized ammonia increases. Ammoria is also an oxvgen-demanding s~iubstance. 
Oxygen is consumed when bacteria c o w e ~  ammonia to NO, Cxough the process or'niui6catior.. 
(Schnabel and WBson, :996). 

and NH,OM (ammonium hydroxide). Ammonia is harmful to aquatic organisms in 

4 
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Loads 

cow Wastewater T z~at from the &f~s~-the most hgrufkant source Qf ammonia tgiaradise Creek 
Data collected (6192 to 7195) fiom a starion at t h e , m  Outfall &&3 exceeded the 
proposed target concentdons. Ammonia concentrations ranged fiom 1.2 m@ to 10.6 m@ 
(April-Qct) with an average concamtion of 4.24 mfl at the outfall. For the November to 
March t h e  period, concentrations ranged kom 2.8 mgfl to 9.7 mgfl with 
concentration of 6.13 mg/l, An average d a y  redudtion in ammonia of approximately 80% is 

average 

et levels at the above WWTP site. 
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Ammonia Allocations 
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Ammonia wasteload allocations total 29.9 Ibslday ( Apd-Oct) and 49.9'lbdday (Nov-March) 
based on proposed discharge limits. The MWWTP allocations are 28.5 Ibs/day(April-Oct) and 
47.5 lbdday (Nov-March), Aquaculture facility aUacations are 1.4 Ibdday (Apd-Oct) and 2.4 
lbdday (Nov-March). The ammonia nonpoht source load docation is variable depending on 
flow, but averages 9.3 lbdday (April-Oct) and 32.8 IWday (Xav-March) based on the data sets 
examined. Average load capacities are 42.3 Ibs (Apd-Oct) and 87 Ibs (Nov-March)). Table 4 
provides a summary of seasonal ammonia load allocations. 

Table 4, Summary ammonia toa&ig information: 

Pollutant Torgets Daily Average Daily dvemg$ Daily Average Daily 

Ammonia* 

. Concentration h a d  Load Capacity Allocation 

N P S  
Apr-Oct . 0,9 mg/l O.OSm_Oll 0.6 lbs 9.8 lbs 9:3 Ibs 
Nov.-Mtuch 1.5 mgA 0.15@ 1.8 Ibs 34.5 lbs . , 32.8 Ibs 

m 
Apt-U~t. 0.9 m@ 4.24 mgA 141.5 Ibs 30 Ibs 28.5 Ibs 
Nov.-March 1.5 mgll 6.13 mgA 205 llis 501bs . 47.5 Ibs 

Aquaculture 
Ap r-Uct I 0.9 m u  ~ 0 . 1  mg/l 4 . 8  W s  1.5 lbs 
Nov.-March 1.5 mgA <O. 1 mgA c1.8 Ibs 2.5 tbs 

7.4 Ibs 
2.4 lbs 

Margin o f  Safety 

A 5% margin o f  safkty was appiied to all sources. 



3.6 LOADING SUBlMARY 

The loading capacity (LC) is effectively '~OnYmouS with the total maximum daily load W L )  
for a waterbody. TMDL is defined .as mass per unit time (a. pounds per day) of poUumt 
allowed. .The TMDL is the amount of pohtant that m.mer the creek without exceeding the 
water qurtlity target. Although the W L  is defined in pounds per day or equivalent 
measurement, in practice compliance is measured as a concentration of pollutant in the creek (the 
water quality target) usually expressed in mg/I. 

I 

Wasteload allocations (WLA) arb established for poht squrces and load docations (LA) are 
determined for other sources. Load allocations are best estimates of the portion of the total load 
that can be contributed by nonpoint sources or by natural sources. When uncertainty &s (this 
is almost always the case) about the pollutant to water qu&ty relationship, federal Iaw requires a 
margin of safety (MOS) be included in the cdculations. The MOS may be numerical or be 
incorporated in consenathe assumptio~ls used to'establish the TMDL; the MQS is intended to 
insure that water quality gods will be met eveh thou& uncertainty in the loading capacity exists. 
The TMDL= WLA+LA+MOS. 
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4.0 PUBLIC PARTICnATmN 

Para k k  .A? - >1 L Wmttenhed Advisory Group .- 

IDAPA 16.0 1.02.052 provides requirements for pubtic participation'& water quality decisions. 
Basin Advisory Groups @AGs) and Watershed MGsOrY Goups (WAG) adhise Idaho State on 
priority impaired waterbodies, management of hpkd watersheds, and r e a  pollution 
control activities in impaired watersheds. 

"" 

watershed. + 

$e&o1?401 of the CWA states that in the - of interstate watm where 
e criteria differ, the strmndards of the downstream state must be met at 

se Creek are exceedingIy high. 

The h a d i s e  Creek Watershed Advisory Group d i s a g r a  with the interim 
pbosphws target proposed. Mvieedng he phosphorus target will require 
e%pensi;*e'phosphorus treatmat w the Moscow waste water treatmmt 
plant or no discharge of &luent to Paradise Creek during the late fllznmer 
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low flow period. The Watershed Advisory Group advises the Division that 
it is more economical and socidy acceptable to pursue incremental 
reductions in phosphorus loads fiom the waste water treatment plant and 
determine the need for subsequent load reductions based on future water 
quality monitoring results. 

The Paradise Creek Watershed Advisory Group met at least monthly and on more than one 
occasion twice monthly. The meetings were held in the City of Moscow Council Chambers and 
were open to the public and typicdy well attended. 

The Idaho Division of Environmentd Quality would like to thank each ana every member of the 
Paradise Creek Watershed Advisory Group. The chdenge is not a easy task the desire and ability 
to participate is admirable and the Idaho Division of Environmental Quality commends heir 
efforts. 

Public Coinrnents 

The Paradise Creek Dr& TMDL was made available for public nview and comment dovember 
5,  1997 through Dkernber 5,1997. N o t k t i o n  to the general public of the opportunity to - 
commit on the drafk TMDL was made in the Moscow Pullman DaiIy News and the Lewiston 
Tribune. The draft TMDL was made available for public review at the Lewiston Regional DEQ 
office, the MOSCOW City Library, the UtliversiCy of Idaho Library, the Moscow City Hd,  the 
PaIouse Clmwater Environmed Institute, and the Latah Soil and Water Conservation District. 
Copies also were provided to a number of individuals upon request. 
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, 

Idaho Depament of Lands 

I&o Department of Water Resources 
l u I O p X l l  
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GLOSSARY 

Alevin - Newiy hatched salmonid still dependent on yolk sac; remains in a- kd w e 1  tmd yolk sac is &mind 

Aeration - a process by which a water body stcures oxygen d k *  
biochemical oxidation reactions in water. 

Ae m s p h & e ,  the g a s - t b   en^ into 

Adsorption - the adhaion of one substance to the &ace of anothc; c i w  foraampk, can &orb phosphonrs md 
WgmiG molecules. 



:
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as mg/L Ippm). The amount of oxygen dissolvd in water is afkcted by temperature, elevation, and t o 4  disIved 
solids. 

Ecology - scient& study of relationships berween organisms and their enviranmen~ also d&ed as tk study of the 
structure md function of nature. -- 

Erizriag Bencficiai U, or Existiug Use - Those benehial usa actually artained in watrrrs on OT after No& 28, 
1975, w k & r  or nof they BC(: designated for.&- waters in Xdaho Department of W t h  and Wdfare Rules, Tide I ,  
Chap& 2, "Water Quality S&dards sd Wastewater freannent Requirmrnts." 

Flw - &e quantip of watm that p w  a given p i n t  in some time increment 

Grad ien r - rhe slope of the stream bed profile. 
. .  
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f 

Hcadwattr - the origin or bc-g of a 

Hydmbgk barb - ofland 
c l o d  basin, ar a group of streams t 

tons per month. Loading is calculated h flow ( a g e )  and cwceamjaa. 
^ ^  
" \  

, I  

" ,  
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Loading Capacity - the m&um amount of pUutant a wales b d y  can safety assirmiate without vitiating 
quality scda&. It is dsa the equivalent of a W L .  

wkr 
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pH - a masure of the coaceaeatioa of hydmgm Wns of a sub-- which rmges h m  vzry acid @H = 1) to vcry 
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alkaline (pH = 14). pH 7 is n d ,  and most lake waters range between 6 and 9. pH vaIm lm than 7 are mnsiderd 
acidic, and most life f o m  camor survive at pH of 4.0 or lower. 

P h d  TMDL - A TMDL whch identi& ktmh load docations Hirb. further monitoring to gauge mccess of 
management actions in achieving load reduction goals and the effect of actual load reductio& on'& water quality of 8 

watabody. Under a phased TMDL the W L  has load allmations and wasteload allmatiom cdcutated with m a r p  
of safety to meet water quality standards. 

Phosphorus - a nuhiat essential to plant p M h ,  typically in more demand than the avdable supply. 

Fc 
B 
c c 
ii 
c 
E 
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Stagnation - the a k n c c  ofmixing in a waterbody 
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Waste b a d  A h a t i o n  - a portion of &ring w a t d s  loading capacity hat  is allocated to one of its existing or f ~ i u c  
point s o w  of pollution. It specifies how much polhX&at each p i n t  source can r e h e  to a watehdy.  

Water column - water becwca the i u t e d e  With the mosphere at the fluface and &e interface with the sedirnmt 
layer at the bottom. Idea derives fmm vertical 
characterize water. 

of measurements (oxygeq temperatun. phm&us) used to 

Water PoUution - Any alteration ofthe phl;Sical, thermal, chemical, biological, or radioactive pmsputia of my waters 

ofthe state, or the discharge of any pollutant into the waters of rlae Sate, which will or is likely to create a nuisartce or to 
render such waters harmful, detimmbl or injllrious to public health. safety or welfare, M to fish and wildlife, or tc 
domestic, commercial, isdustrid, recreational, aesthetk, m other beneficial w. 
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Appendix A Paradise Creek "onpoint Sediment h a d  Analysis and AIocatioas 

Current Loads 

A nonpaint Total Suspended Solids (TSS) load 

curve for daily TSS and daily USGS 



I A-2 

Average hourly flow values are available in electronic format for the period of record, 
Hourly flows, however, are published for the most recent 18 month period ody. In 
addition to these data sources, archived hourly flow data can be obtained in hard copy 
from the USGS. A sub-set of archived instantaneous 8:OO AM flows were also made 
available k & s  analysis (Hankely, 1997). 

A series of sediment rating curves were devdoped for each year over the period of record 
using the natural Iog of the TSS and the archived instantaneous flaw data. An 
examination of how these sediment rating curves changed over the period of record is 
presented in Table Al.  Correlation coeffjcknts between In(TSS) and ln(flaw) for the 8:QO 
AM flow data set were consistent over the period of record. 

Table Al. Statistical Summary of Annual Rathg Curves, 1980-96 

Water R Square Standard Observations Intercept Sbpc of Annual Average 
Year Emor LN@OW) Precipitation ~ n m o w )  

(inches) 
1980 0.37 1.02 23 2 3.05 0.50 28.6 0.50 
1981 0.42 0.85 
1982 0.49 0.89 
1983 OS? I 0.62 
1984 0.65 0.74 
1985 0.52 0.80 
1986 0.72 0.58 
1987 0.63 0.76 
1988 0.45 0.97 
1989 0.55 0.72 
1990 0.69 0.72 
1991 0.54 0.77 
2992 0.51 0.84 
1993 0.67 0.75 
1994 0.57 0.80 
I995 0.54 Q.89 

1997 " '0.61 0.92 
1996 0.70 0.88 

252 
200 
165 
140 
131 
13 1 
135 
12s 
131 
140 
134 
145 
144 
140 
141 
142 
90 

2.68 
2.74 
2.32 . 
2.69 
2.5 1 
2.38 
2.62 
2.70 
2.08 
1.88 
2.19 
2.2 1 
2.03 
2.01 
1.64 
1.96 
2.10 

0.51 
0.5 1 
0.48 
0.61 
0.56 
0.60 
0.87 
0.69 
0.55 
0.76 
0.54 
0.68 
0.63 
0.84 
0.60 
0.65 
0.68 

27.1 
30.0 
29.3 
27.4 
23.4 
27.5 
21.8 
21.9 

25.4 
26.7 
24.8 
24.8 
17.5 

27.0 

0.3 8 
0.48 
0.73 
0.64 
0.68. 
0.4 1 
0.10 
-0.03 
0.59 
0.7 1 
0.58 
-0+17 
0.57 
-0.37 
1-03 
0.90 
2.12 

Tot4 0.51 0.91 271 8 2.37 0.59 

A sediment rating cerfve based the TSS grab samples and the hourly flow data was 
developed in order to estimate the TSS over the entire USGS flow data period of record 
(Equation 1). The regression between the 8:QO AM grab samples and the 8:OO AM flow 
data allows an estimate of TSS exiting the basin for any given flow. It was assumed that 
no temporal autocorrelation was present within the data set due to the small drainage size 
of Paradise Creek upstream of the MWWTP. 

t 
c 
c 
e 
c 
c 
c 
I 
I 
II 
I 
fii 
1 
4 
Ill 
D 
Ill 
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The most recent 18 months of data were used for establishing the sediment rating C U ~ V ~  
used in the current TSS load analysis. This deckionwas based on the following rational: 
(1) the last 18 months would most likely be the most representative of current conditions; 
and (2) the 18 month data set covered the ~ g h e s t  flows of the e?tire period, eliminating 
any extrapolation for loads during these flows. 

where C = TSS concentration (milligrams per lite (md}) 
Q = flow (cubic feet per second (cfs)} 

J 

.3) -(0.0016 a,'> + (1.14E-6 Qw3I2 . 
Qav = d d y  average flow (ch) 

daily average TSS load (md) -.  ~ ... 

SGS average daily flow fix the period of record into Equagon A 
total-laad of 19,376 tons for the seventeen years. This equates to appro 
tons per year (T/yr) or 2.85 tons per day (T/day). Note that h order to 
flow it is assumed that the fine particles collected within'thc top 6 to 12 inches of th& '+ 
water column %re uniformly distributed throughout the water column. 

Figure A2 shows how Equation A2 compares to the observed load and flow relationship. 
Table A2 outlines the analysis ofvariance for the relationship. 

.<# I , I* I 
I I  
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Table AZ €quation A2 hdysis ofvariance 

'e, 

aches, were used to validate that the sediment load e h a t e d  wjth the 
MMW''p TS,S data is less than the $4 sediment load in Paradise Creek. One approach 
was to comiak TSS loads based on depth integrated samples found in similar basins 
within the Pdouse x e g h  (Boucher, 1970) (Table A3). The other was to apply a particle 
size distribution for those sediments trapped in the stream channel and compare those 
distributions with sediments found in adjacent streambanks (Reid and Dunne, 1996) (Table 
A4, Figure k3). " 

A summary of sediment yields 
comparison between these yields and what might be a yield for Paradise Creek based on 

adjacent basins is presented in Table A3, A 
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relative basin size shows that the d u d  yield for Paradise Creek should be in the range of 
15,000 to 37,000 Tlyr. Thk assumes s h h r  gm1OgY, land Use patterns, channel transport 
mechanisms among the basins =mined. 

Table A3 I A Summary of Sediment Yields from Adjacent Basins' Poucher, 1970) 
>< 4 '  

Sediment Yield 
lr 

(TM) 

South Fork of the Palouse River at P u b  
Missouri FIat Creek at P 

- Pullman to colfax 

edient load fix Paradise Creek was a particle size 

particle size analysis. 

0.038 0.074 0.25 
0.035 0.23 1.5 
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Bank soil samples, with adjacent streambed samples, were collected  om the upper 
watershed and mid-watershed areas. The upper watershed soil sites were at IdIer's Rest, 
on the slopes of Moscow Mountain. The mid-watershed sample sites were located where 
Darby Road crosses Paradise Creek. 

Results from the particle size analysis indicate 50 percent of the undisturbed soil sample 
partides are less than 0.25 mm ( h e  sand). The forested sample consists of gravel size 
granitic material, and the agricultural sample consists of cohesive loess gravel to sand size 
material. Based on composition, grains in the forested sample likely have a greater fall 
velocity, therefore, the agricultural sample inherently provides a greater proportion of 
suspended sediment (Guy, 1970). 

The dominate grain size of streambd sediments were found to vary within the watershed 
(Fiwre A3) and seem to relate to the underIying geology. Near the headwaters, the 
Idla's Rest,streain deposit s g p k  is mainly medium to finesand and consists of quartz 
and,feld& deposit h the central portion of the watershed p a r b y  
Road) is 84 erid and consists of Pdouse ioess material. Samples 
collected near tOle'IdahP-Washington sfate line consist of a mix of loess, granites and basalt 

al with a'slightly coarser dominate particle size. 

I 

Figure A3. Cumulative Particfe Size Plot of Paradise Creek Soil and Sediment Samples 
As mentioned, the grain size distribution differences between bank soil and stream deposit 
sampIes were examined to validate whether the TSS Sediment load estimated from the 
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MwwTp data is less than the total sediment load for Paradise Creek. Streambed and 
streambank samples colkted in the upper portion (Idler's Rest) and the central portion 
p a b y  Road) of the watershed have the same general degree of sofig. 

Grain sines greater than 0.25 mm constitute 30 to 50 percent of the bank material, while 
grain sizes less than 0.062 mm (coarse silt) make U p  25 to 35 percent. Compared with the 
streambed m a t e d  where 84 percent of the material is made up of large grain sizes, an 

9 

during flow events. 

If several discharges to the water exist or if an 
ernent is absent, the department (Le. DEQ will 
tions should be measured." P A P A  16.0 1.02.003.07) 

sites to determine background conditions. Several 
onpoint source discharge within the Paradise Creek 

t of measurement not present because of the varying 

tion model was applied. 



(WEPP) (AgriculturaI Research Sehce, 1997; Flanagan and Livingston, 1997). Erosion 
predictions were derived with WEPP based on characteristic topography, climate, and . 

soils in conjunction with undisturbed prairie and forest conditions for the Paradise Creek ' 
basin, These were then compared with erosion predictions based on the same topogaphy, 
climate, and soils in conjunction with current land use practices within the basin. 

The differences in annual erosion rates from these model appIication9 indicate that the 
overall background erosion rate is about 18 percent of the current erosion rate. This 
percentage is based on the amount of area within three general dope categories. The way 
that background is proportioned according to the varbus land uses, therefore, is based on 
the aerial extent of a particular land use. 

Based on this analysis the background is considered to be 18 percent of the total TSS 
load. Thus, of the 1040 T/yr calculated by Equation A2,853 T/yr was assumed to be 
above background or due to anthropogenic. Revisiting the Aow and concentration data 
sets ( 8 : O O  AM flow and the MWWTP data), instantanmus loads were calculated for each 
sample, then mukiplied by 0.18. These converted loads were then divided by flow to 
return an, emimated background Eoncentration. All of the samples then were grouped into 
several flow regimes, and the estimated background concentrations for each flow reghe 
were averaged. Allowable increase over the estimated background for each flow regime 
are presented in Table A5. As can be seen, the TSS concentrations increase as flows 
increase due to background TSS concentrations. 

Subsequently, the 10 day and instantaneous targets identikd in the Paradise Creek TMDL 
document were applied to the 
exceeded these twugets, t h y  were decrreasd to target concentrations. To illustrate, if the 
data set contained a TSS d u e  of 397 rnd for a flow of 68 cfs the instantaneous target 
would be 156 mg/! (Table M).' AIso, when a continuous set of samples exceeded 50 mg/l 
plus background for longer than a 10 day period, the concentration on the 10' day was 
dropped back t o  50 mg/l plus background. By this method, an overall allowable load is 
determined before and after the hstant&eous turbidity standard is applied. 

data set: Whenever values in the data set 
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Table M. Background Concentrations at a Variety OfFlows and Concentrations 

Estimated Maximum 10 Maximum 
How Background Day Instantaneous 

Concentration Concentration Concentration 
(ds) (rng/l) (mp;n) (mgll) 

1-5 0.4 50.4 100.4 
5-10 1.3 51.3 101.3 
10-20 2.5 52.5 102.5 

<I . 0.1 50.1 100.1 

20-50 
50-150 
150-250 
250-500 

the 

1e”rSS l&& Ofthis  load, ‘187’r/y; of TSS is attributed to 

of safety the load capacity for 

S load must be reduced by 

ed to badLrg allowed under the current 

t 260 T/yr This indicates that the current load exceeds the load 

* >  

over the various’sources (agriculture, 
use of several models. 
rsal Soil Loss Equation 

Research Service, 1992; MZCS, EM), and the Simple Method for 
ions (EPq 1983). The propodon of the current TSS load 

W e i y ,  1997) and the Simple Method @ansart,. 1997) are 

lot-scale model developed to assess field scale 
aphy data specific to the sites are required for all 
n of WEPP to the agriculture portion of the 
entative characterizations of management 

portion ofthe urban areas, and the 
county road psrtions ofthe basin relied on representative gravel and native soil road 
characteristics. Lengths of roads were determined with the aide of the City of Moscow 



Planning department and others knowledgeable about the length, condition, and 
characteristics of the roads. It was assumed that the sediment erosion estimated by WEPP 
would enter the larger creek system and eventually leave the basin. Also, it was assumed'. 
that the TSS measured at the downstream point originated from all portions of the basin, 
except where sediment settling ponds eliminated that portion of the measured load. The 
method used in this analysis assumes that the channel materid is a rersuspension of 
material akeady delivered to the larger creek system. This assumption is useful to estkate 
average annual loads over a long period of record. Therefore, channel erosion processes 
were not examined. 

. . 

' 

A user version of WEPP spec5c to forest roads (Cross-drain) was utiliied for all of the 
road delivered sediment esthates (Elliot et d., 1997). M8es of road were obtained by, 
examining aerial photos and reviewing a study by Western Watershed Analysts for Bennett 
Lumber Company (1997)., 

Erosion rates attributed to the urban podon of the sediment load were assigned to 
unpaved road surfaces and construction activities. Unpaved road surface erosion was 
estimated using Cross-drain (Elliot et al., 1997). Construction related erosion was I 

estimated ushg WEPP. Acreage under const~~@m were flstimated based on a 5 percent 
growth rate for the city of Moscow. This acreage WBS then broken up into slope classes 
and associated topography for additional WEPP model runs. Soil profles md ground 
cover associated with construction activhies were used. 

The relative proportions assigned by the various models t o  the vaxious land uses were 
fairly consistent. Because WEgP lent itself to uniform application across the watershed 
the results from WEPP were used for the h d  overall load allocation Table A6 shows the 
output of M P P  dong with the estimate provided by the other models used. Tables A7 
and A8 show the proportions of the current, background, and allocated load for nonpoint 
activities within Paradise Creek watershed. estimate of the contributions of these loads ' 

the nonpoint land use activities within the basin and Ests the percent reduction 
required for each land use to meet the sediment targets. 

Table A&. Modeled Proportions of Nonpoht TSS Load by Land use 

Land use 

Agri c u Ihre 83 86 
Forest 4 2 
Urbar. 5 4 
Countv Roads 8 8 
Proportions for the Agriculture and Forest load are based on NRCS (1 995) and H d e l y  
( 1997). Predictions far Wrbar, load are based on EPA sirriple method wansad, 1997). 
Predictions for the county road load are based on WEPP and were included to compare 
proportions estimated by other models. 

Percent of Anthropogenic Load 
WEPP Other' 

1 



Table A7. Nonpoht TSS Load Proportioned by Land Use 

Land use Percent Current , Percent of Total Percent of Load 
Load Backaround h a d  * 

AgIiculture 81 . 64 . 83 
Forestry 7 23 - 4 
Urban 5 - -  12 5 
Countv Roads 7 - 0.4 - 8  
*Based on aerial extent of land use. 

Above Backmound 

Table As. Nohpoint TSS Load'Probodoned by Land Use . 

*Load Capacity = M o w e d  WLA + Background - MOS 
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r -:. Appendix fl: Paradise Creek Temperature Load Estimates 
, . <  . . < $  

Current Stream Temperature 
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Table B1: Percentiles for 8:OO AM Stream Temperatures 

Percentile Stream Temperature 
(%) eel " 

80. 18 I '  

90 20 
95 21 
97 22 
99 23 

Table B2: Return Periods 

d warms the creek through a variety of ways. Previous 

e heat transfer from sensibIe heat, and latent heat loss of 
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The method commonly used to maintain Cool stream temperatures is to Iimit the amount of solar 
energy to the stream, thus conserving the low temperature ofpoundwater inflow. In streams 



subject to waste water discharge impacts, the stream temperature may increase near the outfall, 
then decrease as energy is dissipated to the atmosphere (Le. via evaporation and groundwater 
inflow cooling). However, a decrease in effluent temperature will occur only when the ambient . 
air or stream temperature is less than the effluent temperature. Therefore, in order to meet the 
targets established at the state line, the temperature of water discliarged to the stream must be at 
or beIow the target unless the ambient air temperature or the stream temperature is less that the 
target to provide cooling. 

Rdationship Between the 8:OO AM and the DaiIy Maximum Stream Temperature 

Stream temperatures provided by the MWWTP were collected at 8:OO AM, three times a week, 
year round, over a nineteen year period (MWWTP, 1997). Locations for these morning 
temperatures inclsjde in Paradise Creek, downstream of the MWWTP 
in Paradise Creek, th , and the outflow fiom the MWWTP. These data 
represent instua&s 

16.7 
18.3 

with the 
-es B6, B7, 
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and B8). These comparisons show that the 8:OO AM temperature was always less than or the 
same as the maximum instantaneous temperature. Also, it is shown that as the 8:OO AM 
temperature increased the daiIy variance about the mean decreased P'igure B6). This indicates as 
the 8:OO AM temperatures increase, they become closer to the daily average and daily maximum 
temperatures (Figures B7 and B8). 

:e with 90 

< :  

X I ,  

with 90 
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s.1 
0.019 

20.0 ! I 

I I6 17 <-l 18 19 20 21 

":*<-Ax t ' 8:OOAM Streak Temperature (oC) 

It was originally thought that the 8:OO AM data might be able to predict the daily average and 
daily maximurn stream temperatures. The predictions from these regressions are presented in 
Table B4, These show that as the 8:OO AM temperature increases, the daily average and the 

emperature also increase. 

egression Equations 

ese regressions: (1) the continuous 
data set in Aug~ist~ 1997 does not extend into the high stream temperatures range, (2) the r- 
squared value between the 8:UO temperature and the daily average is only 0.23, while the r- 
squared value between the 8:OO AM temperature and the daily maximum temperature is only 

' 0.24, and (3) the 80 percent confidence interval bands around the retationships show around a 1 
"C spread. Because of these concerns, the relationships derived between the 8:OO AM and the 
daily average and maximum temperatures ar t  not used. It i s  made clear during this analysis, 
however, that those temperatures recorded at 8:OO AM are usually at or below the daily average 
and the daily maximum stream temperatures. Due to the limited data available for this analysis, 
the 8:OO AM temperatures are used to characterize the prevalent maximum stream temperatures 
over the period of record. 
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The uncertainty incurred by the use of the 8:OO AM temperature within this analysis is taken into 
account by applying a margin of safety of 2 "C to the current stream temperature. This two degree 
margin of safety is greater than the 90 percent confidence interval observed for the predicted daily 
maximum temperatures. This 2 'C  MOS added to the current temperature of Paradise Creek of 
21 "C provides a final temperature load estimate of23 *C. Additionalmonitoring during 
implementation of this TMDL wodd be needed to determine how 8:OO AM temperatures relate to 
daijy maximum temperatures. 

I. 

c 
c 

Reduction o f  Stream Temperature Due to Non-Point Activities 

Paradise Creek stream temperature load allocations were developed for nonpoint and paint 
sources using a steady state, conservation of mass, and conservation of energy approach. The 
mathmatical relationships utilized in this approach begin with an energy balance for a small section 
of the creek. This srnalt section is then integrated over the entire length. Assumptions inherent in 
this qproach are that the system operates in a steady state and that the energy entering the system 
is independent of the energy state of the system. Both assumptions are considered reasonable due 
to previous work by Brown (1 969). 

I 
c 

A 
1 

qP,-dX 

Figure 89.  PoFtion of Creek Energy and Mass Balance Diagram 



.*.. ..... 

. .. 

I 
X = L  

; 

Figure B 10. Creek Energy and Mass Balance Diagram ! 
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1 - 
Applying conservation mass and en& as shown in" Figures B9 and 13 10 to the 'creek system 
gives us: 

where: 
3 R, = net sdar radiation 
W = stream width 
Q = streamflow. 
U = stream energy 

ndwater flow entering the creek (as a function of length) 
ndwater energy entering the creek 

Equation B 1 can be rewritten as: 

If we then integrate this relationship for the entire creek length (from x = 0 to x = L) we have: 
I 

and, from mass balance, 

qL = Qct) 



Given that' the groundwater inflow to that same smdl portion can be summed over the creek 
Iength for the total flow @5),  we have: 

and: 

Re-writing the energy terms as a hnction of temperature gives: 

U=+C*(T-TW - 0 ) )  

where: 
p,, = density of water 
C, = specific heat of water 
T = temperature 
Tw+l= datum temperature 

Substituting Equations B8 into Equation B7 gives: 

I L W d x  
L 

wCs((T - Tw = 01) - (Tg - T(u = 0) ) )  

0 

Equation B9 can be re-written as: 

i 

Y 

and so we have the result of 

r t  

In summary, the difference between a selected stream temperature and the  groundwater 
temperature is  a function of the total flow of the system, the density of water, the saecific heat of 

rxlater. and the net sotar radiation entering the creek system. This relationship allows the temperature differences between current and target stream temperatures 
energy terms (Le. kilo Joules). By writing these temperature differences 

to be translated into 
in energy terms, the 



percent exceedence (Equation B 12) and percent reduction required to meet the target 
temperature @quation B13) are able to be determined. 

(Tc-t - Tg) - (Twa - TB) Precent Exceedence = 

B-1 1 

The groundwater temperatyre (TJ was found to be about 11 "C during the month of August 
1997. Temperatures rechrdkd by Lockwood (1 996) at the top of the water column in shallow 
wells adjacent to Paradise Creek were found to range between 9 "C and 13 "C. Therefore, it was 
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Waste water from the Mww"Tp SS discharged into Paradise Creek year round. The summertime 
outflow temperature fiam the MWWTP was determined by taking the average of temperatures 
recorded at 8:OO AM, three times a week during the months of June - September for the period 

temperature was taken into account by applying a MOS of 2 "C to the resulting 8:OO AM stream 
temperature. The effluent temperature was found to average 19 "C during the summer months. 
With a 2 "C MOS, the current effluent temperature is estimated to be around 21 "C during this 
critical time of year. 

However, the amount of warm waste water that can be discharged into the creek without 
' 

exceeding the bad capacity is a fbnction ofthe actual temperature of the waste water Other 
factors that effect the amount of effluent able to be discharged into the creek so that the 18 "C 
b a d  capacity is not aceeded are the temperature of the creek and the flow of the creek. 

. of record. The uncertain relationship between' the 890 AM temperature and the maximum 

As in the case for nonpaint stream temperature targets, point source impacts to stream 
temperature are evaluated within a conservation of energy framework. Unlike the case for 
nonpoint analysis, however, differences in flow between the MWWTP outflow and Paradise 
Creek, as well as their respective tcmperatures, must be considered. Overall, the conductive 
temperature of the effluent becomes the dominant energy component and provides the greatest 
opportunity foi energy input reduction. 

The temperature for the stream segment downstream nf  the MWWTP can be shown to be a 
function of the MWWTP outflow amount and temperature, and the amount and temperature of 
the Paradise Creek flow using similar relationships and assumptions used for nonpoint stream 
temperature increases (Equations B I. - B I 1). . 
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As discussed earlier, the daily maximum stream temperature load capacity is 18 "C, therefore, the 
maximum temperature of the discharge from the MMW"TP must be 18 'C or less whenever the 
stream temperature in Paradise Creek is 18 'C or more. Equation B14 was utilized to calculate 
the allowable M outflow as a function of the identified instream conditions: 

Qmcun(Ttqe - Tsmm) 
Allowabk outflow = m m 

The allowable rate of discharge for the MWWTP for a variety of Paradise Creek flows and 
temperatures are 
graphical format. 

^8 

< _ -  
:: =, q *, 
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Table B5. Allowable 

0.5 
1 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
15 
20 
25 
30 
40 
50 
100 
I50 
200 
250 
300 
4oa 

0 1 
9 8.5 
18 17 
36 34 
54 5 1  
72 68 
90 85  
108 102 
126 119 
144 136 
162 153 
180 170 
270 255 
360 340 
450 425 
540 S I 0  
720 680 
900 850 
f800 1700 
2700 2550 
3600 3400 
4500 4250 
5400 5100 
7200 6800 

-7  8 9 12 13 14 15 16 17 18 
8 5.5 5 4.5 3 2.5 2 1.5 1 0.5 0 

2 1 0  16 15 14 13 12 11 10 9 7 6  5 4 3 
32 30 28 26 24 22 20 18 14 12 10 8 6 4 2 0  
48 
64 
80 
96 
112 
128 
I44 
160 
240 
3 20 
400 
480 
640 
800 
1600 
2400 
3 200 
4000 
4800 
6400 

45 
60 
75 
90 
105 
120 
135 
150 
225 
3 00 
3 75 
450 
600 
750 
1500 
2250 
3000 
3750 
4500 
6000 

42 
56 
70 
84 
98 
1 tz  
126 
140 
210 
280 
350 
420 
560 
700 
1400 
2100 
2800 
3500 
4200 
5 600 

,39  
52 
65 
78 
91 
104 
117 
130 
195 
260 
325 
390 
520 
650 
1300 
I950 
2600 
3250 
3900 
5200 

36 33 30 27 24 21 18 15 
48 44 40 36 32 28 24 20 
60 55 50 45 40 35 30 25 
72 66 60 54 48 42 36 30 
84 77 70 63 56 49 42 35 

108 99 90 81 72 63 54 45 
120 110 100 90 80 70 60 50 
180 165 150 135 120 105 90 75 
240 220 200 180 160 140 120 100 
300 275 250 225 200 175 150 125 
360 330 300 270 240 210” 180 150 
480 440 400 360 320 280 240 200 
600 550 500 450 400 350 300 250 
1200 1100 1000 900 800 700 600 SO0 
1800 1650 1500 I350 1200 1050 900 750 
2400 2200 2000 I800 1600 1400 1200 1000 
3000 2750 2500 2250 2000 1750 1500 1250 
3600 -3300 3000 2700 2400 2200 1800 1500 
4800 4400 4000 3600 3200 2800 2400 2000 

96 88 80 72 64 56 48 . 40 

12 
16 
20 
24 
28 
32 
36 
40 
60 
80 
100 
I20 
160 
200 
400 
600 
800 
1000 
1200 
1600 

9 
12 
15 
18 
21 
24 
27 
30 
45 
60 
75 
90 
I20 
150 ’ 

300 
450 
600 
750 
900 
1200 

6 3 0  
8 4 0  
10 5 0 
12 6 0 -  
14 7 0 
16 8 0 
18 9 0 
20 10 0 
30 15 0 
40 20 0 
50 25 0 
60 3’0 0’ 
80 40 0 

‘200 100 0 
300 150 0 
400 200 0 
500 250 0 
600 300 0 
800 400 0 

106 50 0 

800 14400 13600 12800 12000 11200 10400 9600 8800 8000 7200 6400 5600 4800 4000 3200 2400 1600 800 0 
* 4.0 MGD = 6.2 cfs 
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Table B6. AllowabIe MWWTP 20 "C Discharge 
+.l 

^b , 
c 9 

a5 . I *  

I d  

Paradise 
Flow -1 Paradise Temaerature 

0 1 2 3 * 41 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
0.5 4.5 4.3 4 3.8 3.5 3.3 3 2.8 2.5 2.3 2 1.8 1.5 1.3 1 0.8 0.5 0.3 0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
15 
20 
30 
50 
100 
150 
200 
250 
300 
400 
800 

9 
18 
27 
36 
45 
54 
63 
72 
81 
90 
135 
180 
270 
450 
900 
1350 
1800 
2750 
2700 
3 600 
7200 

8.5 8 
17 16 
26 24 
34 32 
43 40 
51 4 8  
60 56 
68 64 
77 72 
85 80 
128 120 
170 160 
255 240 
425 400 
850 800 
1275 1200 
1700 1600 
2125 2000 
2550 2400 
3400 3200 
6800 6400 

7.5 
15 
23 
30 

45 
53 
60 
68 
75 
I13 
150 
22 5 
375 
750 
1 I25 
1500 
1875 
2250 
3000 
6000 

38 

7 
14 
21 
28 
35 
42 
49 
56 
63 
70 
I05 
140 
210 
3 SO 
700 
1050 
1400 
1750 
2100 
2800 
5 600 

6.5 6 5.5 5 4.5 4 3.5 3 2.5 2 
13 12 11 10 9 8 7  6 5 4  
20 18 17 15 14 12 11 9 7.5 6 
26 24 22 20 18 16 14 '12 10 8 
33 30 28 25 '  23 20 18 A 15 13 10 
39 36 33 30 27 24 21 18 15 12 
46 42 39 35 32 28 25 21 18 14 
52 48 44 40 36 32 28 24 20 16 
59 54 50 45 41 36 32 27 23 18 
65 60 55 50 45 40 35 30 25 20 
98 90 83 75 68 60 53 45 38 30 
130 '120 110 100 90 80' 70 , . 6 0  50 40 
195 180 165 150 135 120 105 90 75 60 
325 300 275 250 225 200 175 150 I25 100 

975 900 825 750 675 600 524 '450 375 300 
1300 1200 -1100 1000 900 800 700' 600 500 400 
1625 1500 1375 1250 1125 1000 875 750 625 500 
1950 1800 1650 1500 1350 1200 1050 900 750 600 
2600 2400 2200 2000 I800 1600 1400 1200 1000 800 
5200 4800 4400 4000 3600 3200 2800 2400 2000 I600 

650 600 550 500 450 400 r.1350 300 250 200 

I .5 
3 

4.5 
6 

7.5 
9 
11 
12 
14 
15 
23 
30 
45 
75 
150 
225 
300 
375 
450 
600 
1200 

1 0.5 
2 -  1 
3 1 s  
4 2  

5.0 2.5 
6 3  
7 3.5 
8 4  
9 4.5 
10 5 
15 7.5 
20 - 10 
30 15 
s o  * 2s 
I00 50 
I50 75 
200 100 
250 125 
300 150 
400 200 
800 400 

0 
0 
0 
0 
0 -  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 .  
0 
0 
0 
0 - 
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Table B7. Allowable MWWTP 21 "C Discharge 

0.5 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
I5 
20 
30 
50 
I00 
150 
200 
250 
300 
400 
800 

3 
6 
12 
18 
24 
30 
36 
42 
48 
54 
60 
90 
I20 
180 
3 00 
600 
900 
1200 
1500 
1800 
2400 
4800 

2.8 3 
5.7 5.3 
1 1  I 1  
I7 16 
23 21 
28 27 
34 32 
40 37 
4s 43 
5 1  48 
57 53 
85 80 
113 107 
I70 160 
283 267 
567 533 
850 800 
1133 1067 
1417 1333 
1700 1600 
2267 2133 
4533 4267 

2.5 2.3 2.2 2 1.8 1.7 1.5 1 1.2 1 0.8 1 0.5 0.3 0.2 0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
75 
100 
150 
250 
500 
750 
1000 
1250 
1500 
2000 

4.7 
9.3 
14 
19 
23 

33 
37 
42 
47 
70 
93 
140 
233 
467 
700 
93 3 
1167 
1400 
1867 

2a 

4.3 
8.7 
13 
17 
22 
26 
30 
35 
39 
43 
65 
87 
130 
217 
433 
650 
867. 
1083 
I300 
1733 

4 3.7 

12 11 
16 15 
20 18 
24 22 
28 26 
32 29 
36 33 
40 37 
60 55 
80 73 
120 110 
200 183 
400 367 
600 550 
800 733 
1000 917 
1200 1100 
1600 1467 

a 7.3 
3.3 3 2.7 2.3 2 1,7 1.3 I 
6.7 6 5.3 4.7 4 3.3 2.7 2 
10 9 8 7 6 5  4 3 
13 12 11 9.3 8 6.7 5.3 4 
I7 15 13 12 10 8.3 6.7 5 
20 18 16 14 12 10 8 6 

27 24 21 19 16 13 1 1  8 
30 27 24 21 18 15 12 9 
33 30 27 23 20 17 13 10 
50 45 4U 35 30 25 20 I5 
67 60 53 47 a 40 33 27 20 
100 90 80 70 60 50 40 30 
167 150 133 117 I00 83 67 50 
333 300 267 233 200 167 133 100 
500 450 400 350 300 250 200 150 
657 SOU 533 467 400 333 267 200 
833 750 667 583 500 417 333 250 
1000 900 800 700 600 500 400 300 
1333 1200 1067 933 800 667 533 400 

23 21 19 E6 14 . 12 9.3 7 

0.7 
1.3 
2 
2.7 
3 . 3  
4 

4.7 
5.3 
6 

6.7 
10 
13 
20 
33 
67 
I00 
133 
I67 
200 
267 

0.3 
0.7 

1 
I .3 
1.7 
2 

2.3 
2.7 
3 

3.3 
5 
7 
10 
17 
33 
so 
67 
83 
100 
133 

0 
0 
0 
0 
0' 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4000 3733 3467 3200 2933 2667 2400 2133 1867 1600 '1333 1067 800 533 267 0 
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Table B9. Allowable MWWTP 23 "C Discharge 

__- ~ -.o .".+" 

Paradise 
Flow *. 

- (cfs) A-p- ("C) 
6 7 8 9 . XU . 11 12 13 14 15 I 6  17 I3 

0.5 1.8 1.7 1.6 1.5 I,4 X,3 1.2 1.1 1 03 , 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0 
I__ -- 0 1 2 3 - 4  5 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 

. I  . 30 
50 
100 
I50 
2.0 0 
250 
300 
400 
BOO 

3.6 

I 1  
14 
18 
22 
2s 
29 
32 
36 
54 
72 
IO8 
I80 
360 
540 
720 
900 
IO80 
1440 
2880 

,7.2 
3 .1  
6.8 
10 
14 
17 
28 
24 
27 
31 
34 
51 
68 
102 
170 
340 
5 10 
680 
850 
1020 
1360 
2720 -- 

4 2 3 2.8 2.6 
6.4 6 5.6 .5.2 

13 12 11 10 
16 1 5  14 13 
19 I8 17 16 
22 21 20 18 
26 24 22 21 
29 27 25 23 

48 45 42 39 
54 60 56 52 
96 90 84 78 
160 IS0 140 130 
320 300 280 260 
4x0 450 420 390 
640 600 560 520 
800 750 700 650 
960 900 840 780 
1250 1200 1120 1040 
2560 2400 2240 2080 

9.6 9 8.4 7.8 

32 30 28 26 

- 

2.4 
4.8 
7.2 
3.6 
12 
14 
I7 
19 
22 
24 
36 
48 
72 
120 
240 
360 
480 
600- 
720 
960 . 
1920 
u__ 

2.2 2 1.8 1-6 1.4 1.2 
4.4 4 3.6 3.2 ~ 2.3 2.4 
6.6 6 5.4 4.8 4.2 3.6 
8.8 8 7.2 6.4 5.6 4.8 
11 10 9 8 7 6  
13 12 11 9.6 8.4 7.2 
15 14 13 11 9.8 8.4 
18  16 14 fJ l i  9.6 
20 18 16 14 13 11 
22 20 18 16 14 12 
33 30 27 24 21 l &  
44 40 36 32 28 24 
66 60 54 48 42' 36 
110 100 90 80 70 60 
220 200 180 160 I40 120 
330 300 270 240 210 180 
440 400 36Q 320 280 240 

'550 500 450 401) 350 300 
660 600. 541) 486 420 360 
880 800 720 640 '560 480 
1760 1600 1440 1280 1120 960 

1 
2 
3 
4 
5 
6 
7 

9 
IO 
I5 
20 
30 
50 
100 
I50 
200 
250 
3 00 
400 
800 

a 

P 

0.8 
1.6 
2.4 

' 3.2 
4 

4.8 
5.6 
6.4 
7.2 
8 
12 
16 
24 
40 
80 
120 
160 
200 
24 0 
320 
640 

0.6 0.4 
1.2 0.8 
1.8  1.2 
2.4 1.6 
3 2 

3.6 2.4 
4.2 2.8 
4.8 3.2 
5.4 3.6 
6 4 
9 6 
I2 8 
18 12 
30 20 
60 . 4U 
90 . 60 
120 80 
150 100 
180 120 
240 160 
480 320 

0.2 
0.4 
0.6 
0.8 
1 

1.2 
I .4 
1.6 
1.8 
2 
3 
4 
6 
10 
20 
30 
40 
SO 
60 
80 
160 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
_I 
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Table B 10. Allowable MWWTP 24 "C Discharge 

0.5 1.5 
1 3 
2 6 
3 9 
4 12 
5 15 
6 18 
7 21 
8 24 
9 27 
fO 30 
15 45 
20 60 
30 90 
50 150 
100 300 
I50 450 
zoo 600 
250 750 
300 900 
400 1200 

1.4 
2.8 
5.7 
3 
11 
14 
17 
20 
23 
26 
28 
43 
57 
85 
142 
283 
425 
567 
708 
850 
1133 

2.3 2.2 2 1.8 1.7 1 
4.7 4.3 4 3.7 3.3 
7 6.5 6 5.5 5 4.5 
9 9 8 7,3 6.7 6 5. 
12 11 10 9.2 8.3 7.5 6, 
14 13 12 11 10 
16 15 14 13 I2 

21 20 18 17 15 1 4 "  
23 22 20 18 I 
35 33 30 28 
47 43 40 37 
70 65 60 55 58 4 
117 108 ZOO 92 83 75, 
233 217 200 183 167 150 
350 325 300 275 250 225 
467 433 ~400 367 333 300 
533 542 SUO 458 417 375 
700 650 550 500 450 
933 867 

19 17 16 IS 13 12 

2.7 
5.3 
8 
11 
13 
16 
19 
21 
24 
27 
40 
53 
80 
133 
267 
400 
533 
667 
8QD 
1867 

2.5 
5 
7.5 
10 
13 
15 
18 
20 
23 
25 
38 
50 
75 
125 
250 
375 
500 
625 
750 
1000 

0.7 
1.3 
2 

2.7 
3.3 
4 

4.7 
5.3 
6 
6.7 
10 
13 
20 
33 
67 
100 
133 
167 
ZOO 
267 

0.5 
1 

1.5 
2 

2.5 
3 

3.5 
4 

4.5 
5 

7.5 
IO 
15 
25. 
50 ' 
75 
100 
125 
150 
200 

0.3 0.2 0 
0.7- 0.3 0 
1 0.5 0 

1.3 0.7 0 
1.7 0.8 0' 
2 1 0  

2.3 1.2 0 
2.7 1.3 0 
3 1.5 0 

3.3 1.7 0 
5 2.5 0 
6.7 3.3 0 
10 5 0 
I7 8 0 
33 17 0 
50 25 0 
67 33 0 
83 42 0 
100 so 0 
133 67 0 
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f the receiving water or of downstream waters GI1 inte 

that if a designated mixing tbne exists in a 
consider the principle that “the mixing zone is 
of the volume ofthe stream” ( D M A  

an Z “C increase to st ram temperabm 
-five percent propmion of MWWW dischage 
for Paradise Creek. These and other considmti 

discharge wiil need to be determined by the l a ~ d  





Seved o t k  me&& wwe used to estimate urban loading for TSS and TP for cornparison with 
Limotech's results, * The methods and results are summarkd below. 



A statistical analysis of data collected during the pilot studies of the Nationwide Urban Runoff 
Program (?TUN?), sponsored by the U.S. Environmental Protection Agency (29831, found no 
sigrificant statistical difkences between :he mean concentrations of poilutannts irl urban mnoff 
among the mid urban i d  cses. The NURF S ~ U @  of the pul ip  ofurban m m f f w a s  u n ~ b l e  io 
sfatisfieally identfi 2 miionwide effecf of my gsfernaiic facrcrs or: the unii loa& a c e p  
imperviousness, which effects the uunoff volume and comquentb, the unit loads. The XLW 
research provided a large database on the quaiity and loads by uiaan mno5. ITW studies 
~ Q C U S ~ ~  on evaluating the went mean ccncer,tra;ions (EMC), dehed as: 

h W  found the EMC parameter to be the most appropriate variable for evaluating the jmpact of 
urban runoff. The study established that event mean concentrations for to td  suspended soIids 
(TSS), total phosphorus, total Kjetdahl nitrogen are extremely well represented by the lag-normal 
distribution. The nationwide analysis did not fmd significant statistical: cornelations of the EMCs 
to the geographical locations of the site and concluded if land use category effects are present, 
they are eclipsed by stam to storm variability; therefore, land use category is of little general use 
in predicting urban runoff quality at umonitored sites or in explaining site to site differences 
where monitoring $ata exists. The MRP study  SO concluded that there is no significant 
corelation between EMCs md runoff volume. In deterministic concepts, facfors such m stope, 
soif 
sense derivedfium a lmge m m  ber of observalim at Yariotrs sifes ihroughout' the Uni fed States, 
these factors did nor appear to have arry r e d  Significant. in q la in ing  observed simiiarities or 
differences among ididdual sites. A detailed discussion Of the statistical methods used in the 
W.iW study, conclusions reached, and comparison o f h W  results to deterministic model 
fhdings is found in Novotrry and OIea (199.41, pp.484-435. 

and rainfall characferisticS are  d i p t e n t i d &  important. However, in a sfatisticd 

Urban loading to Paradise Creek was cahla ted  using midrange NURP EMC mean values of 
pollutant load estimates far median urban sites. The procedure used is outlined in Novotny and 
Qlem ( I  994). Sercent imperviousness was determined by tabulation of various land uses, 
application ofa imperviousness value far each land use and calculation of total impervious acres 
in the urban area divided by total area. hper/iousness values applied to each trind use were 
estimated from discu&ns with the MOSCOW City Planner, direct observatiog EPA pubhhed 
cs:irnEt,tes, aad values obtained frcn? :he city of Boise s " L m  water study. When in doubt, the 
mosi conservative (highest: estimate ofirnpenkusness was used. Acreage of land uses were 
obtained from the city d M x c o w  pian.rl7g department PTlaskon, pers. co rn .>  and University of 
Idaho Capitol Planning Fenin, pcrs.comx.). RdnoEcoeEcient was taken f o m  figure 8 . 2  ir, 
Novotny and Oiem { 1994). Data is listed in Table C 1. Calculations and resu1ts are shown in 
figure 1. Using this method, median ~ I U I U ~  b d i n g s  from Moscow and the University of Idaho 
:o Paradise Creek are: 

TP 3390 1b/yr 
TSS 740tondyr 



f d w  creek TMDL; 12123197 c-3 

Boise CiQylAda County Storm water Madel ("Simple Method") 

TSS and Total Phosphorus loading for Zdaho's urban podon ofthe Paradise Creek watershed w'ds 

also computed using a spreadsheet model design4 to estimate municipal nunpoint source loads to 
the lower Boise River. The procedure is outhed the methods section and results are tabulated 
in Table C2. Using this method annual average urban pollutant loading to Paradise Creek is 
estimated as: 

bes a g a d  urban loading function proposed by Heany and &ber (1979) of 

ation factor (kgha-crn) 

is determined as: 

where 
L = a m a t  pollutant load (kglyr) 
X, 
PL, * area of land use k (ha) 

annual load of pollutant due to runoff from land use k ( k g l h d y e ~ )  

Pollutant concentration factors were taken from H m e y  and Huber (19791, and averaged over the 
categories or residential and commercial to represent urban h d s  in the watershed. 



C-4 Paradise Creek m L ;  i 2123197 

The population density factor for urban areas is: 

Fk =O. 142*. 134 PD0-54, for residential 
=1.0 , for commercid 

where 
PD = Popdattion density Cnersons/ha) 

Populatior, density in Moscow was taken sts 25.8 based on :he poplation dersity D~MQSCOW 
50x1 the ; 990 census aultiplied by t:le MOSCCW urbm ate2 witIrirk the Pxadise Creek drainage 
basin plrrs 1992 Uiversity rf Idaho emohen:. These Pesu!”, k Sn vake for F, ~f 0.9 26 for 
Moscow. Annual precipitation for the Moscow atea was taken f o m  loca! chatologiical data t o  
be 60.96 cdyear .  

Urban Stom water L o w m a t e s  Bas& 

Given: 

EMC nat 
(after Novatny and Olem, 1994) 

Total Area: 1767 ha (4366 acres) 
Land Use: Urban 
Annual Precipitation: 6 I cm (24 inches) 
PerceEt Imperviousness: 42% (Table CX> 
CoeEcimt o f  RmoE 0.34 (Table 8.2, Kovotny and O l q  1994) 

For estimating nonpoint source loads &om urban site% the average of the range for event mean 
concentrations W C s )  was taken for the pollutants of interest (Table 8.15, Novqtny and Ole- 
1994). These values are: 

Annual Totd Phosphorus Load = !767 ha * 0.87 kgha = 2537 kg = 3390 ;bs 

Using this method of calcdatian, 

TS S,,,= 

TSS,,,= 380 kgha per year 

0.34 * 61 (cm) * 0.01 (cm/m> * i0,OOO ( m ’ h )  * 183 (g/m3) ‘0.001 (kglg) 
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Annual Total Suspended Solids Load 1767 ha * 380 k o a  671,460 kg 
~1,480,482 Ibs = 740.tons 

Boise Crtvl-y Storm water Co- Model (Ada County Highway District 
and others, 1997) 

Pollutant loading was also cdcdated uskg a "simple" method derived kum 1992 EPA midma 

e basinj, in units of pounds per year Qbdyr) - , 

annual precipitation. EPA's method x p p k  a CmeEtion factor to the annual precipitation to 
adjust fix s tom where w runoff occurs. The equation for average m u d  storm water tunoff 

following: 

where: 
P = the average annual precipitation in units of inches per year (idyr) 

CF= correction factor that adjusts for the amount of average annual rainfall 
which is available for runof€ 

the runoff coefficient for land use X (dimensionless) Rvi= 

%. = -the acreage of land use I within drainage bastnj 
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V, = the calculated average annual storm runoff volume from land use I withiin 
drainage basinj, in units of cubic feet per year (fi3/year> 

3,630 = conversion factor for h a c  to ft3 

To compute the cumdative Ioads from a drainage basin, the loads for dl Iand uses w i t h  the 
basin (from Equation 1) are summed. Mathematically this relationship is expressed by the 
foIlowing equation: 

Lik = "C,L,, = "EI (6.245 x 1CJ5)X V, X c,i Equation 3 

where: 
L,k = 
in units of pounds per year (fbdyr) 

the calculated average m u d  Ioad of pollutant kfor drainaze basinj, 

I .  

= summations over d land uses1 

n -'I number of land uses 

The average concentration of a poUutant from a particular drainage basin can be computed by 
dividing the cumulative poUutant load by the runoff volume, The equation for the average 
paUutanr concentration from a drainage bask is: 

Cia = LA / [x,zI (6.245 B0")x V d  Equation 4 

Gskg the equations presented above, I O ~ S  can be smrned for aU.land uses in drainage basins to 
obtain overaU poUutant loads and average concentratbons for use in TMDE development. 

Results for the urban portion of the Idaho side of the Paradise Creek watershed are presented in 
Table C2. 

. .  

ThE: following @a are needed to use the methodology outlined above: 

 he annual 'precipitation P 
* 

Land use acreage A., for each land use type 1, within drainage bashj 

The funoff coefficient Rv, for each land use I 

The stom water runoff valumes Vir &on Imd use I within drainage basin j are computed fion? the 
Iand use acreage, runo5cozZcients, and m u d  precipitation using Equation 2. These are tken 
combined with the polheant concectrahns cfi to compute polhtant Ioads as given in Equatior. :. 

Land use data and acreage breakdowns were obtained h n  the Moscow Planning Depcment 
(JPIaskon, pers. c o r n . )  and the Unive~sity ofIdaho Capital P l b g  (SFerrin, pen. c o r n . ) .  
h u a l  average rzinfall input (24 inches) was obtained from Doke and Rashmi (1994). 
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The runoff coefficient, or ratio of runOfft0 rainfall, is Used  to convert rainfall data to estimates of 
runoff volume. Prior studies @PA 7983; M A  1987) which developed and analyzed 
raall-runoff characteristics ushg very large databases for both urban areas and hi&ways, have 
indicated that the runoff volume (and hence, the n ~ o f f  coefficient) is strongly related to the 
fraction of impervious surface area within a p r e d o d n d y  urban watershed. Impervious areas are 
those pdrtions of a drainage bash where infiltration of mhfd cannot take place and surface 
runoff occurs. The relatiomKp used in this mdysk to cmvefi rahfdl to subsequent runoff (the 

* .  

Estimates a ~ m &  p&thnt loads require an eshation of the mean concentration of each 

traaian @MC> of a parlicuiar pollutant, T b  EMC is the 
water quality data for an individud stom went is 

as a flaw-composite througKout the &ration of a 
dined s the total mass discharge of that ~1 

a station, the E M S  observed are usudjy quite vasiabk. The 
central tendency can be d e h d  as the median of the EMCs. It is generally accepted that storm water 
quality data are well sfiaracterized by a log-normal probability distribution @PA, 1983; FHWk 1989). 
The median EMC is calculated by combining all the EMCs obtained from multiple stom events at a site 
and finding the 50th percentile value (based on a tog-normal distribution). This median EMC is designated 
as the site median concentration (SMC). The SMC can then be compared with SMCs measured during the 
"W @PA, 1983). The variability in the concentrati ,ns tkorn different events may be defined by the 
coefficient of variation (COW parameter, which equals the standard deviation divided by the mean of the 
EMCs. 



Wxn ::?e dzta are !og-r.orxziiy distehted, the folhwkg procedure can be utilized to estimate popuiztion 
statistics. Tc obt.zk tke estimte ofthe population me= concentration (p), SMC and COV, the data are 
transformed to Iogarithrrjc scale. The avenge (;lJ and standard deviadorl (oy) of the transfomed data are 
computed. 

For Parzdise Creek, EMCs were obtained from SMCS developed for the Boise Stom Water 

Recommended Urban h a d  Estimates for TMDL Use 

It is rcconmezded ;loll~:e?t !sal estin;a:es c d d a ~ d  ::sing h e  "simple' n e t h ~ c '  suelined in the Boise 
CitylAda County S t o m  Water Cornprehemive Plan be used for-Paradise Creek. Ever,t Mean 
Concentrations used in this method xse more regional than hLW data and were pariially developed by 
monitoring programs in Idaho; other values wed were based on data collected in&egon and California 
urban areas. Loadings derived from this model show reasonable agecment with those calculated using 
NURP data. Loading ratios are + I 2  far TSS and -20 for TP between the two methods. 

Chandler (1994) reviewed case studies that used either S W  or HSPF to esthate: annual urban stom 
water runoff vaIumev and pollutant loads. These estimates were then compared t o  estimates made using 
the "simple" method; 124 comparisons were made. Seventy percent of the maximum ratio values ranged 
from 1 to  2, indicating that, in general, the computer model and "simple" method results were comparable. 
Chandiefs sbdy suggests that the "SirnpIe" method, with some refinements of the "EMC" values for 
c u r p q ,  Iucd conditions and recognition of the method's limit~5ons, is a usefu1':oo'I that carr provide 
reasonable p o h t m t  load estimates quickIy and cheaply. 

k margin of s&y (MOS) is proGded by uskg very conservative vaiues for Iand use imperviousness and 
conservative average amud vaiues for r~noff Expmd this dism~sion. 

Recommended urban ioading estimates for 'Paradise Creek TMDL use are: 

TP = 1728 lbslyr 
TSS t= 185 tandyr 
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t d s  *g zone pahcjr h d s  to be cqnsoiidated in a single 
a h  a statement +at tk'Moscaw Waste Water Treatment 

mixing zone ad d discharge limits are applied to the 

ow the load capacity ar.3 alloptions were developed. 
addressed in Appendix B. 

Comment The TMDL should provide an analysis' that links increased shading with energy 



Respame 

C a mment 

Response 

ccsmrrlene 
Response 

C O l W i l W i t  

Response 

Comment 

Response 

Comment 

Response 

Comment 

Response 

CoIlVK-Xnt 

Respocse 

Cornea: 

reciuctions. 
Pubiished references correlating canopy cover and shading with decreased water 
temperatures are available. Specific irr.pIemer,tation actions for increasing shading 
and canopy cover Will be listed in the Paradise Creek W L  implementation pian. 

Stream dassification mapping and riparian condition surveys should be listed as 
required Rrture monitoring under a phased TMDT,. 
This is discussed in the TMDL’s additional information and data gags section. 
Specifics ofthe monitoring p h ~  mayoe deveicped h-iher in the Paradise Creek 
implementaiion phn. 

hssumgtions made need to be ciearly stated and justified. 
This has been done within the text of the docurn& and appendices where 
appropriate. 

Washington State’s water quality temperature standards is instantaneous not 
maximum daily average. 
This has been addresseb in the Water Quality Standards section and in the 
temp crabre andy sis ’ section. 

The relationship between the 8 am temperature data and the maximurn dairy and 
average temperatures needs to bc c1ari.W. 
The 8:QO am temperature was the only temperature data h s e  avaiiabie. 
Clarification has been provided the temperature andysis section. 

me W E  must cix@ the sediment target, link it to beneficid use support and 
explain how Washington State’s turbidity standard wlfl be met. 
This has been addresseds in the water quality standards and section. 

The Idaho water quality stmdards for ammonia shouId be stated and shown that 
Wash.&ton’s standard is as protective or more stringent than Idaho’s. 
This: has been addressed in the water quality standards section. 

TMDLs which allocate a potbnt  load between point and nonpoint sources must 
show reasonable assurance that the nonpoint source load reductions will be met 01“ 
the paint sourcc w;SI be required to meet the entire docation. 
T 5 s  has beer, addressed in the i e ~ o n ~ b k  assurance- sechr?. 

The ThDL skouid proGlC:: a clear description ofthe monitoring prugram that wii: 
be implemented to refine the TMDL and assess the water quality of Paradise 
Creek. 

2 



9 Comment 
Response 

The origin of the ififom~~tiofi U s e d  h Tables 1, S1 and.S2 needs to be clarified. 
This has been addressed in Appmd~ A 

Comment 
Response 

The case far targeting phosphoms 8s the nutrht of wncem'needs to be provided. 
This bas been addressed in the nutrient analysis xaion. 

Comment 
Response 

TMDL n&s tu demonstrate 

Comment 
e 

The Uhiverdy of Idaho aqua 
This has been addressed in the l u g  d.alIdcaiion analysis section. 

The document is too long and the fahk is %ffidt to read. 
The docukent; bas been e&ed for c~&CgtiOn and to reduce d q  

load k c i s  to be da34.  
- 

L .  

TMDL needs to* aclatowledge 
mcorporate additional data in the future wikp&bie. 
The TMDL, incorporates if margin of safety tu address data u 
r&sion$ofthe document aiid its contmts are discussed in section 3. 

Th& Idoc&rmt lists the Watershed A&vry'Group's concerns but it does not 
apl& how they will be addressed. 
M a  coacerni ;expressed owi  the impact the W L  WiIl have are related to 
implementath activities. The WL, does n ~ t  require specific activities be 
hplemtmed. It will be up fo the WAG and the community to ident@ specific 

The City ofMoscow Wastewater Treatment Plant effluent should be addressed by 
utilihg a phased approach to mhigation. rather than the DEQ's proposed set 
target of 98% removd. Phasing consideratioris should include planting to shade 
Paradise Creek to exclude sunIight,,'use of wetlands, and land application of 
effluent. 

Commmt 

Response 

Comment 
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ReSpORSe 

Comment 

Response 

c oAm.lent 

Response 

Comment 

Xespcnse 

COll-UIEllt 

Response 

Comment 

Response 

The TMctL estabiisbes loads to achieve water quality standards. The TMDL does 
not state how to achieve these loading goa1s.Thes we issues to be addressed by the 
Watershed Advisory Group drlrhg devehpment of an impiementation plan. 

The time frame for discharge of efauent containing phosphorus shouid be May 15 
t h o u g h  September rather than the proposed target of Apd through October. 
The critical season for light influenced algae growth in Paradise Creek has been 
determined to be between mid May and October. This new infdrmation has been 
incorporated into the TMDL. 

Temperature limits should be measured at the XdahoNashingmn state border 
rather than imposed on the d u e n t  at the city ofMoscow Wastewater Treatment 
piant. ns would allow consideration for the use of r,awd cco~ing and 
temperature mitigation methods and techniques, including the planting of trees and 
shrubs to shade Paradise Creek before it reaches& state border rather than 
constructing costly cooling devices at the water water. treantmennt.plant. 
Point source temperature loading to a strew may increase the stream temperature 
near the outfall, then dacrease as energy is dissipated by cooler ambient air or 
stream temperatures. However, Q decreaw in ef][luent.temperature will only occur 
when the ambient air or stream tempemturc is less than the emfnuent temperature. 
In or& tu meet the target established at the state h e  at all times, it was assumed 
that no cooling occurs between the piant and the state Em.  

The W L  limit of 15 mg/l for suspended solids in the City of Moscow 
Wastewater Treatment Plant a u e n t  is more realistic than the 10 mg/l proposed by 
DEQ. 
The T b D L  has been revised to r e k t  a 15 mg/l total suspended sediment target 
for the Moscow wastewater treatment plant. 

The Washington state classikation of Paradise Creek.% Class A waters should be 
reviewed and revised. There needs to be ajoint agreement between Washingon 
wd Zd&o that water quality standards d l  be met by each state for the entire 
length of Paradise Creek 
The Washington State Deparmient ofEcoIogy is schedukd to review the Paradise 
Creek dassiKcatian. Any changes inthe Washington state ciassificatianwilIbe 
reflected in the Paradise Creek TMDL after such changes are made. 

- , i 
. 

€PA and DEQ should conduct a cost-benest andysis ofehe proposed TMD5 
Iimits for Paradise Creek. 
The Th/@3L development process does not Glow for a COS: benefit anaiysis. 'Fie 
cost benefit andysis is more appropeate to be applied in the deveiaprnent and 
review of pollution control options during implementation of the plan. 

PUBCMT.WPD, 2 Jan I998 4 



PUBCMT.WPD, 2 Jan 1938 5 



Response 

Comment 

Response 

Comment 

Response 

commsnt 

Response 

Cammt 

Response 

Cormlent 
Response 

Comment 

Response 

Comment 

Response 

The WDES permi: p r o s a m  is malaged by the USEPA. Permit limitations are 
generally established between the Pemit program and the permitted facility. The 
WL simply establishes the in stream water quality target(s) for pollutant loading 
based on the allowable load capacity of the water body. 

There is no temperature water quality target Iisted for the.aquaculture faciiity, is 
this because the discharged water from the facility is coIder than 18 C degrees? 
An 1.8 C degree temperature docation has been applied to the end of the faciiiv’s 
discharge pipe. 

Load diocations should be exFreSSed according to cows at the Wzs&n@on border 
not as loads at the Moscow Waste Water Treatment Plane. 
Waste Load AIlacahs are applied at the end of the  faciiity’s dischxge pipe 
rather than at the sate border because the low news and existing loads within 
Paradise Creek does nut d o w  assimilation of any’ additional loads in that section 
of the creek. I I .  

Technology based controls should be in place fist before it can be determined if a 
water body is not in complianw with water quality standards. 
Paradise Creek is not in comphnce with water quality standards based on 
monitoring and analysis of the water body. I 

I 

: I *  

Do Idaho Fish and Game or US Fish and Wildlife Service have any evidence of 
Brook Trout being stocked in Paradise Creek in the early 19OO’s? 
~o evidence has been found. 

We have not been shown that a m t  is IegaUy required by the Clean Water Act. 
T.s document resects the Idaha W E  process, it does not attempt to refute or 
question the legd background as to the validity ofthe state’s program. 

We are concerned thatthe end resuh of this document may become a ternplat for 
other mostIy forested watersheds. . 
W t ‘ a r e  intended ta’address speczc watershed problems. As such each m L  
will be effectively a stand alone document. 

The document wouId be greatly improved if it were: written as a scientiik 
document with an exhaustive methodology section covering each step in the 
process with an estimate of reliability after each assumption. 
The Idako W L  prdcess is not intended to 7rovide academic or scientific 
research analysis of procedures. Xt is intended t~ provide the bes: de:errnir,arion of 
a water qua5:y Ii~nitcd se&~er%’s pollutant load capacity, waste load allocations 
and load allccations wits thc i rhmatlon available. 
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,,w~~kplan,~ou~~ining.  salmon recovery goals  and
,pldprs  and partnerships essential to the
"entation  ,uf  a subregional ‘strategy and

.,.g,;g&c  ‘$daho  ,which will result in the. development&$%b &,&~,,,,~er;gtrery  plans for 59 rrkaylt bull trout
g&&&h  priority  watersheds were identified for

~~$+ntial  for protecting and restoring bull
-emphzasizes the need to protect healthy
.:.while instituting recovery strategies

_!~;;m$,surabla,< ‘< z;%-& improvements to their status,
?,K,C &'y:<.  '.,‘;,I"$:,  : ,,, ,,b,,"  ,," A',.  ' p ;Th
3Ztie~3u&&~~T+&t Conservation Plan strdtew  is

d-i@ ,I advisory  groups to develop--and
dbmim~ sense protection and restaration

peci~i~~conditions. While bull trout is the
a^qua,tic and terrestrial species (e.g.

SLY, benefit from these conservation
n ambitious schedule for completing all
state before Januarv  1, 1999. This



watershed within the next two years and completing of a minimum of 
s i x  watershed recovery plans each year, 

1. 
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6 .  Habitat I4anagemer.t Goals and Planned Changes: 

Idaho's watershed management and conservation strategies represent 
a signficant and comprehensive effort to protect anadromous fish 
habitat and to conserve: aqua t i c  ecosystem heilth. An ecosystem- 
based watershed approach, as is presently being implemented under 
the new water quality legislatian, is necessary to ensure that a l l  
physical, biological, and chemical processes and c o n d i t i a n s  that 
contribute to the. development of product ive steelhead habitat a re  
maintained. 

Idaho intends to continue applying e x i s t i n g  watershed management 
and protection programs to meek c u r  anadromous fish habitat goals. 
Ultimately, t h e  recovery of w i l d  and natural stocks of Snake River 
sumnet- steelhead will depend principally upon ameliorating passage 
problems in the mainstem Snake and Columbia Rivers ("FS 1935). 
Based on information currently available, the production potential 
of Idaho's anadromous fish habitat is not being m e t  due to high 
migration mortality, therefore, spawning and rearing h a b i t a t  is n o t  
a . :. constraining factor. Idaho's current habitat protection 
programs are  adequately providing f o r  Snake River summer steelhead 
survival and recovery, 

Steelhead Protection Strategy? 
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